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FOEEWORD 


THE Autlior lu tliis little book bas set out in plain 
luiiguago and ininute detail metbods of assaying 
vurious ores — especially of some of tbe rarer metals — 
wbicb, after bundreds of tests and researcbes, in wbicb 
bo bas bad twenty yeais experience in my Assay OjBäce 
and Laboratoiy, bave been found to give accurate 
rcöults 

In Ibo bands of auyone witb oidinary manipulative 
ability tbe metboda given in sucb detail can be 
dcponded upon I need scarcely add tbat tbe woik is 
pubhabcd witli niy consent. 

Benedict Eitto, 

F i ü , F ö ö , Hon M 1 M M 

3Gü City Ho \.d, 

London, E C 1 
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PAET I 


THE BASIC MANIPHLATIOHS OE OBE 
ANALYSIS 

IN Order to arrive at tlie correct commeicial value of a 
parcel of oie running sometimes into tlioTisands of tous 
in weiglit, and to gnide tlie metallurgist in liis treat- 
inent of it to extract tlie “ values ” it contains, ai 
sample is snbmitted for examination to a cliemist It’ 
IS essential, tben, tliat tbis sample stall represent 
exactly tlie parcel from wliicli it is diawn TJnless it 
does, tlie lesnlts of an analysis, wtetlier for one, two 
or more elements, or a complete analysis, will be of 
little valne, an incoirect pince will be paid and 
received for it , tte metalliirgist will f ail to recover as 
mucb. as tlie sample indicates sbonld be recovered, or 
be may get more , be may even spoil tbe wbole parcel 
by wrong tieatment To tbe sampling tben, mucb 
caie and common sense is to be applied 
Tbe oie may be presented to tbe samplei loose, in tiuck 
or wagon-loads, it may be in a pile, or bagged in lots of 
a bundiedweigbt or two It may be in laige lumps, 
eacb weigbing many pounds, or quite fine, or mixtures 
of coaise and fine, TJpon tbe condition of tbe ore tbe 
samplei bas to decide upon tbe metbod of sampling it 
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Suppose tlie ore is tagged, and proves on inspection to 
be fine (passing a 20 oi 30 mesh. sieve) it will not be 
necessary to tmn it out, but a sample may be obtained 
by tbe use of tbe “ sampling-iron ” Tbis Instrument 
IS essentially a nairow semicircular acoop of iron Its 
lengtb may vaiy from 18 incbes to 30 incbes, it is 
about an incL. wide, balf an incb deep, and diYided at 
balf its lengtli by a bar of iron It bas a wooden 
bandle like a sbovel Tbe Iron is tbrust down tbrougb 
tbe middle of tbe opened bags, and tbe ore tbus witb- 
drawn tbi'own into a beap Tbis beap is mixed by two 
or more men standing equidistant fiom eacb otber, and 
sbovelling tbe oie regularly into anotber pile, eacb 
sbovelful being tbrown on tbe top of tbe last, and tbe 
last of tbe oie brusbed up and tbrown on tbe top Tbis 
Operation is repeated until tbe ore is deemed to be 
mixed, wben tbe final pile is flattened down, tbe 
flattening process being begun at tbe top, and per- 
formed regularly aiound tbe pile to tbe outaide, until 
a round flat mass of ore is obtained Tbis is tben 
quarteied by drawing witb a sbovel two tranaverse 
diameters Two opposite quai'ters are removed com- 
pletely, to tbe sweepmg up of tbe fine dust Tbe 
remaining quarters are mixed by tbrowing alternate 
sbovelfuls from eacb into a new beap, and tbe mixmg 
and quartenng process continued until a sample is 
obtained of some 4 to 6 pounds, wbicb is cairied to tbe 
assay office for prepaiation for tbe cbemist 
In mixing paicels of lumpy ore for vSampling, tbe 
Proportion of tbe size of tbe luraps to tbai of tbe wbole 
bulk sbould be noted In Ibe case of a S-ton pile, foi 
instance, tbe ore must be crusbed till it is reduced to 
lumps equal to not more tban 4-incb cubes in size, 
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wlieii tliis IS quartered, tlien t]xe lumps must be leduced 
to balf tbat size before efGlcient mixing cau be done, 
aud so ou till tbe final sample is leacbed, wbicb sbould 
pass a sieve of 20 boles to tbe linear incb, 

.Wben ore is being sampled, a moisture sample ’’ is 
drawn, and kept in an accurately corked and sealed — 
or bettei — stoppered bottle Tbis can conveniently be 
done by taking dips legulaily over tbe pile, wben it 
will pass, say a 10 mesb sieve, of about two ounces at 
a time, dipping to tbe bottom of tbe mass witb a small 
fiour scoop, or similar article, until some two pounds 
13 collected In tbe case of ores of tbe piecious metals, 
wbere tbe yield of values is usually so small as to be 
leturned as ounces, etc , per ton of ore, wbere tbe oie 
IS apparently diy, tbis moisture sampling, of coui’se, is 
not done 

Wben tbe oie is distinctly wet, as in tbe case of 
dressed or concentrated ore very often, it will be fine 
enougb at tbe start to extract tbe moisture sample, and 
it sbould be done at tbis stage If it is in casks or 
druins tbe sampling u*on may be used, tbe pile quickly 
mixed, flattened down, and a sample quickly drawn 
witb tbe floiu’ scoop 

Moisture determinations are best done on a medium 
fine balance in a counteipoised porcelain disb of 4-6 
incbes diameter, on 100 grams Tbis is diied in a 
water oven at 100° C , being occasionally gently stured 
witb a sbort glass rod Tbe drying is continued till 
no condensation takes place on a cold clock-glass wbicb 
iM placed over tbe clisb Wben small samples are being 
dealt witb tbe determination is done on 10 grams on 
a fine balance, a crucible of convenient size bemg used 
TJnless tbe results of analysis aie especially a&ked foi 
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“ 011 sample taken or received,” tkey are leturned '' on 
sample dned at 100° C ” Tlie method of letuiuing 
tlie resalt should l)e stated in the assay book on eveiy 
sample examined Tlie cliemist^s portion, gionnd to 
pass an 80 or 90 mesb. sieve, will be dned witb. tbe same 
precantions as tbe moistnre determination, and if tbe 
resnlts are to be returned on sample taken or 
received ” tbe fignres aie calcnlated to tbe wet sample 
Por example Say tbe resnlt of tbe assay of a Tin oie 
gave 15 75% of Tin, and tbe determination of moistuie 
sbowed 0 16%, tben tbe content of Tin on tbe sample 

as taken or received is 15 =15 73% Tin 

Or again, a dressed Wolfram gave 70 30% WOg, 

moistnre, 1 45% Tben 70 =69 28% WOg 

Mmerals containing elements in tbe metallic state 
often cannot be crnsbed completely to pass tbe mesbes 
of tbe sieves Tbe metallics remain on tbe sieve aftei 
tbe ciusbable portion of tbe sample bas passed tbiongb 
If tbese appear on tbe 20 mesb sieve it is best to pnt 
tbe wbole tbrongb tbe 90 Tbe metallics are carefnlly 
collected and weigbed Tbe crnsbed portion is also 
weigbed Suppose tbe crnsbable portion of a sample 
of copper oie weigbed 1614 grams and tbe metallics 
0 27 grams Tben tbe total weigbt of oie ooncerned is 
151 67 grams Now snppose a gram is to be taken for 

151 4 

assay, tben of tbe fine portion ^ taken, 

or 0 9982 giam, and 1-0 9982 giain of metallics = 0018 
gram Now to get tbis correctly it will be necessaiy 
to dissolve np tbe metallics in acid, say aqua legia, 
make tbe solution np to a definite volnme witb watei, 
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and take a part representing the amount required, 
Thus, Slippose tlie 0 27 gram in soliition is made iip io 
30 ccm , tlien 0 0018 being 0 6667% of 0 27 giam tlie 
iC amonnt reqnired is 0 6667% of 30 ccm or 0 20 ccm 
Tlie ore is weiglied into tlie vessel to be nsed, and 0 2 
ccm of tbe “ metallics solution is rnn into it from a 
biirette, and the assay proceeded with in the nsnal way 
Where round prills of metal are met mth, these may be 
flattened on a clean anvil to render solntion more 
rapid 

It will help the chemist considerably, on being pre- 
sented with an ore for analysis, to examine it on a 
pan ” This is a slightly concave disc of iron, some 
10 to 12 inches in diameter The minerals show up 
well if the pan is enamelled white Some 5-10 grams 
of the sample aie thrown on the pan Water is nin on 
to it iintil it 13 well coveredj the whole is thorouglily 
wetted, if neoessary by stirrmg it with the finger, and 
if some floats, it is flicked down with water from tlie 
fingers The pan is giyen a rapid ciiciilar motion tili 
the whole mass la moving, and then allowed to settle 
for a few secondsj most of the water is mn ofE, enougli 
is left to enable the whole of the wet ore to be bronglit 
into the middle The pan is then given a succession of 
rapid little jerks, being held in a slightly slanting 
Position, and the jerks made in an upward direction in 
such a way as to thiow wp the heavier minerals from 
linder the lighter ones. After a few ]erks, the water 
IS gently passed oyer the ore, washing away the liglit 
siliceons mattei from the heayier minerals. A skilful 
panner will separate nearly all the gangue ” in tliis 
way, note the proportion, and wash the whole off 
the pan. The minerals remaining may be examined 
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m a similar way wliere tlie specific gravities differ 
siifficieiitly By tKis metliod tlie clieinist is quickly 
familiaiized witL. tlie inateiial undei examination, and 
IS guided in tLe amount of ore to take for kis testSj and 
Trhat impnnties are especially to be removed. 

Some orea are so refractory as to cut up very badly the 
ordinary cast iron mortars In tbese cases mortars of 
cliilled Steel sbonld be used and a magnet passed over 
the ore to remove any particles of iron introduced from 
tlie pestle and mortar, and tbe sample lediiced to an 
impalpable powder in an agate mortar 
In lielping to identify minerals, especially tliose mucli 
alike in appearance, but of different cbemical com- 
position, tbe determination of tbe specific gravity is 
belpful Wben nsmg a specific gravity bottle, tbe 
sample is crusbed jnst fine enougb to pass into it 
Wasb out tbe bottle, rinse out witb distilled water, and 
dry in an oven, quickening tbe process by pumping into 
it at inteivals am from a blowpipe. Allow to cool, and 
weigb Pass into it about 10 grams of tbe sample, and 
weigb again Now fill almost to tbe neck witb cold 
boiled distilled water at 59° to 69^° F., tap tbe bottle 
vigorously to dislodge air bubbles clinging to the 
lumps, fill up witb water, replace tbe stopper, wipe tbe 
outside quite dry witb a clean towel, and weigb 
quickly It will be found on testing tbe temperature 
tbat it is ]uat 60° in most cases Tbe temperature 
sbould be ad]uated to 60° F , and anotber weigbing 
done, if it 13 not at tbat temperature Tbe weigbt of 
tbe bottle filled witb water at 60° F must be detei- 
mined Get tbe sum of tbe weigbt of sample taken 
and of tbe bottle filled witb water Subtract from tbis 
tbe weigbt of tbe bottle containing tbe sample and 
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water The result shows the weight of water displaced 
by the sample Then the weight of the sample taten, 
divided by the weight of water displaced, gives the 
specific gravity of the sample 

In the following procednres of mineral analysis, 
distilled water is always used, and all open vessels 
covered during boiling with watch — or clock — glass, 
and fnsions with appropriate covers , porcelain or 
silica vessels with porcelain lids, platinnm ones with 
platinnin lids, and so on 
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PAET II 


ALUMINIUM 

THE ores of Aluminiiim provide some of tlie hardest 
of minerals, the ctief being Corunduni, oxide of 
Ahimimuiii, Corundum (Sappbue) H =9, 0=3 9-41, 
Stk =lig]it grey, and Emery, tbe oxide, with. iron 
oxide Bauxite is a bydrated oxide, wbile tbe clays, 
notably cbina clay, contain Aluminium in conjunction 
witb silica, etc 

In tbe case of tbe very refractoiy minerals of 
Aluminium as Corundum and Emery, it is best to 
reduce tbe sample to tbe utmost possible fineness in a 
Steel mortar Tbe final sample must be gone over 
witb a magnet to extract metallic particles of iron 
worn from tbe pestle and moriar 

Procedure A 

In tbe case of iicb samples of Corundum and Emery, 
wbicb are only sligbtly attacked by acid, tbe sample 
is ground as above, and 0 2-0 3 gram weigbed into 
a platinum crucible, witb 3 grams of a mixture of 
about equal parts of Na^COg and KaCOg Tbe wbole 
IS mixed in tbe crucible witb a stout platmum wire, 
and beated, gently at first, over a Bunsen, witb 
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crucible covered witL a platmum lid The heat la 
incieased until the mass fuses, and la finally hlow- 
piped, the molten mass being occasionally gently 
rotated, and the heating continued till fusion is seen 
to be complete It is allowed to become qtiite cold, 
and is then placed in a 250 c c beaker, and covered 
with boiling water, and the lid is washed in It is 
allowed gently to simmer m the covered beaker nntil 
the mass is dissolved away from the cmcihle, or it 
may be remored therefrom by gentle pressure with a 
clean glass rod Wash out the crucible thoroughly 
into the beaker, and add pure HCl cautiously until 
the solution no longer efEervesces, and then 5-10 c c. 
in excess The volume of liquid is reduced hy boiling 
down to about 60 or 70 c c and is transferred and 


washed mto a porcelain dish of some 160 c c capacity 
If any specks of undecomposed mineral are observed 
at this point, the solution must be flltered inio the 
dish thiough a 9 cm fine paper, and washed, dned 
and ignited, and re-fused with a gram or two of the 
fusing mmure, and treated in the same way, and 
added to the original solution This solution is 
evaporated completely on the water bath, then given 
an hour in the water oven, or tili no pungent aoid can 
be smelt It is taken up with 15 c c pure HCl 
again evaporated, finishing in the oven as before It 
IS agam taken up with 15 c c pure HCl, brought 

J 20 »0 boihag dirälleJ 

water added, and stured well willi a glas, ,^d The 
silica u ilteied oS Unongh a 9 om or 12} cm fine 
paper and washed thomngUjr wrth hot water mto a 

’+i I flask A streain of H,S is passed 

through the hot assay to remove any groüp 2 metals^ 
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Tlie siilpliides, if any, are filtered off and waslied well 
Tlie filtrate is boiled free fiom HgS Add to tlie 
assay 20 c c. cold saturaied solution of ammoninm 
pliospliate, tben add dilnte NH^HO tili a faint tur- 
bidity persists Jnst clear tlie solution witL. only as 
mucli dilute pure HCl as is necessary and add 10 
grams solid NagSgOg Bring to tlie boil, and wbile 
boiling add 20 c c 30% acetic acid Boil for seven 
minutes and filter on a 12 J cm fine paper Wasb 
tboiougbly until free from ctlorides witb a drop or 
two of 3% solution of ammonium pbospbate in bot 
water Dry and ignite in a silica or porcelain 
crucible, gently at first, and finally to a bngbt red- 
ness Wben cold weigb as AIPO^ Factor for 
A1=0 2219 Log of factor 1 34616 It is best to 
tieat tbe ppt again by transf erring to a small 
beaker, ciusbing tbe lumps caiefully witb a glass lod, 
and wasbing agam witb tbe wasb solution, dry and 
ignite again. 

Procedure B 

In tbe presence of Cbromium or Uranium fuse tbe 
agated ore witb ten times its weigbt of pure fused 
EHSO 4 ^ silica crucible, keeping it covered, and 
beating gently at first till water is dnven off, and 
raising tbe beat to ledness, rotatmg tbe crucible gently 
now and tben to include all tbe mineral in tbe molten 
mass Continue at red beat for five minutes Allow 
to cool completely and extract tbe melt witb bot water 
into a 400 c c beakei flask and wasb out tbe crucible 
and lid Add 10 c c dilute HgSO^ and boil till notbing 
remains but insoluble silica Filter tbis off tbrougb a 
9 cm fine paper into a 750 c c conical flask and 


20 MINERAL ANALYSIS 

wasli well witL hot water To the warm filtrate add 

^ KgMn/)^ till a faint jDiuk coloui peisists, and add 

caiitionsly dilute NH^HO in sliglit excess, and 3 grams 
(NHJ2CO3 Bring to the hoil, allow to settle, and filter 
off thiongh a 12^ or 15 cm fine paper Wash with 
hot water till free from sulphates, and wash back the 
ppt into the conical flask and dissolve in STifidcient pure 
dilnte HCl Now proceed as in Procednre A, adding 
the ammonium phosphate solntion, and pioceeding as 
there described 

ProceduTe C 

In the case of small qiiantities of Al, it may be 
determined as described in an exainple of the complete 
analysis of Wolfram, page 116 

Procedure D 

Another method for determining small quantities of 
Al depends on the solubility of its hydiate in sohition 
of KHO The iron and alnmina are bionght down as 
in Wolf 1 am’® analysis finally as hydrates with 
NH^HO, these are dissolved in pure dilute HCl, and 
the solution poiired into a solution of EHO in a silver 
dish, the EHO being sufficient to give an excess when 
the acid solution of hydrates is poured into it. The 
solution 13 warmed up, and filtered through a 12|- cm. 
fine paper, havmg been diluted with water to prevent 
the strong caustic alkali from destroying the paper 
Eilter into a 750 c c conical flask containing 100 c.c 
cold water The ppt is dissolved in HCl, and 
retreated with EHO, and the filtrates combined, the 
iron ppt washed with hot water The filtrate xs 
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lendered acid witli dilule HNüg, aud dilute HCl added 
to cleai it, if necessaiy, and tlie Al brouglit down with. 
a small excess of dilute NH^HO Tliis is neaily all 
boiled off, tbe ppt allowed to settle and filtered tbrougb 
a 12^ cm fine paper, and wasbed by decantation witb 
a bot 5% sligbtly ammoniacal solution of NH^NOg 
six times, tben on tbe paper, wbere it is wasbed free 
from soluble salts Dry and ignite, finally strongly m 
a weigbed platinum crucible, and weigb wben cold 
Ignite again strongly and weigb again. Take tbe 
constant weigbt Tbe compound is AljjOg Factor foi 
Alis 5294 Log of factor 1 72379 


ANTIMONY 

Tbe cbief ore of tbis metal is tbe sulpbide, Stibnite or 
Antimonite It bas a stieak of lead-grey coloui 
Specific giavity 4 6 to 4 6 and baidness 2 Tbeie aie 
also Jamesonite, a sulpbide of Lead and Antimony, and 
otbei sulpbides 

Frocedure A 

In cases of good samples of Stibnite, weigb 0 4 giam 
of tbe sample into a 300 c c conical fiask and add 30 c c 
of pure HCL Place a small stemless funnel in tbe 
neck of tbe fiask, and warm tbe assay till all tbe H^S 
is eyolved Now cautiously add about 2 c c bromine 
drop by diop, and place on a waim pai*t, gradually 
Warnung up till mosfc of tbe bromine is removed Tbe 
fiimes inay be frequently blown out witb a glass tube 
Now add in crystals ü 75 giam of sodium sulpbite, 
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lotating tlie assay gently till tlie sulpliite is dissolved 
Now boil tlie assay (tlie funnel still in tlie flask) until 
a tliird of its bnlk is evapoiated Tbis serves to leuiove 
tbe excess of SO 2 evolved from tbe sulpbite, wliicli 
reduces tbe antimonic cbloride to antimonous cbloride 
Wasb in tbe fnnnel witb 10 c c boiled distilled water, 
add 10 c c fuitber pure HCl, biing tbe assay to tbe 
boil and titrate immediately witb a Standard solution 
of potassinm bromate, nsmg a drop of metbyl oiange 
as indicator , tbe end pomt is indicated by tbe discbarge 
of tbe pink colour, giving place to a pale straw colonr 
A Standard solntion of potassinm bromate is prepared 
by dissolving 2 82 grams of tbe pnre salt in distilled 
water, and dilnting to one litre It is sometimes 
possible to obtain practically pnre inetallic Antimony 
wbicb may be nsed as a standaid. Its pnrity sbould be 
determined by analysis A more reliable snbstance for 
Standards is antimony potassinm tartrate, obtainable 
in a very pnre foim, wbicb may, if necessary, be 
1 ecrystallized from aqneons solntion Potassinm 
antimony tartiate, C^H^KSbO^ contains 37 015% of 
Antimony. Eor a Standard take 1 0807 grams of tbe 
salt (=0 4 gram Sb) and proceed in tbe same manner 
as tbe assay of tbe rieb samples To obtain tbe best 
resnlts a standaid is inn witb eacb deteimination on 
(as nearly as possible) tbe same amonnt of Antimony 
as IS contained m tbe sample for assay 

Frocedure B 

In tbe case of samples pooi in Antimony, it beconies 
necessary first to sepaiate it as snlpbide, and tben 
proceed as in Procednre A 

Fiom 3 to 5 giams of tbe sample is weigbed into a 
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250 c c beakei flaak, treated witli 15 c c pure HNO^, 
and biouglit gradually to diyness on tlie hot-plate 
Wken cold 20 c c pure HCl are added and boiled down 
to two-tbirds tbe bulk. Add an equal bulk of bot 
distilled water, allow to settle, and filter off tbrough. a 
9 cm 01 12;! cm fine paper into a 500 c c conical flask, 
and wasb. well witb bot water, to eacb wasb add 2 c c 
pure HCl to keep up tbe antimony cbloride Dilute 
tbe assäly to about 300-400 c c witb bot water, and pass 
a lapid stream of HjS into tbe boiling solution, sbaking 
tbe fiask around to facilitate precipitation of tbe 
sulpbides Wben saturated, sbake tborougbly and 
allow to settle completely on a waim part Filtei 
rapidly tbrougb a 12^ cm fine paper, and wasb witb 
bot H^S water containing a few drops of pure HCl, 
about four times Wasb tbe sulpbides back into tbe 
conical fiask witbout opening tbe paper, place tbe 
funnel witb tbe paper in anotber 500 c c conical fiask 
Tieat tbe sulpbides witb 10 c c of a saturated solution 
of potassium sulpbide, bring to tbe boil, settle and filter 
off tbrougb tbe same paper Tbe antimony sulpbide 
is now in solution Wasb well witb bot water con- 
taining about 10% of tbe Xß solution. Tbe solution 
containing antimony is brougbt to a temperature of 
about 90^ C , a moderate excess of puie HCl is added 
witbout sbaking, and tbe assay allowed to stand for 
twenty minutes on a waim pait It is now tborougbly 
sbaken, gently at fiiat, to avoid a rusb of gas, but 
finally veiy tborougbly If tbe assay does not smell 
strongly of HgR, a stieam of tbe gas is passed into it for 
five to teil minutes It is allowed to settle, and filtered 
off tbiougb a 12^ cm fine paper (oi 9 cm for small 
amounts), and wasbed once witb bot H^S watei It it 
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tlieii Tvaslied into a 300 c c conical flask witli 30 c c 
strong HCl, tke opened paper being gxyen a final wasli 
with 10 c c liot water Tke flask is coveied witli a 
small stemless funnel, and gently warmed till niost of 
the orange sulpkide is dissolyed Two c c of bromine 
are slowly added to tke cooled assay, and tke estimation 
proceeded witk as in Procednre A 

E:Bi03+3SbCl3+6HCl=3SbCl5+XBr+3H20 


ARSENIC 

Tke ckief oie of Aisenio is Mispickel, oi Aisenical 
Pyiites It kas a specific gravity of 5 9-6 2j kaidne&s 
5 5-6, and streak greenisk black 

Procedure A 

In good samples of pyrites place 0 5 gram in a 260 c c 
beaker flask, add cantiously 10 c c pure HNO^ Wken 
spontaneons action ceases boil down gradually to dry- 
üess till no acid can be smelt at tke moutk of tke 
beaker. Next add 0 4 gram of üSTagSOa and 20 c c kot 
water and boil for fiye minutes Add slowly 20 c c of 
4-1 dilute H^SO^ and boil tke assay until SO 2 can no 
longer be smelt m tke steam Bring tke bnlk to some 
60 c c, witk kot water, and pass a rapid stream of HjS 
into it until tke yellow sulpkide of Arsenic is being 
freely precipitated Tken add I-INH^HO until tke 
acid IS neutralized and tke assay turns black from 
precipitation of irou sulpkide, add a furtker 10 c c of 
tke NH^HO and continue to digest witk Sß for kalf 
an kour At tke end of tkis time tke assay will be 
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found on settlmg to liave assumed a yellow-colouied 
Solution. Eemove from biing ]ust to tlie boil 

carefully avoiding bumping and allow to settle com- 
pletely. Eilter o£E tbrongb a 12J cm fine paper into a 
750 c 0 conical flask, and wasb tbree times witb bot 
■water, at eacb wasb adding a c.c. or two of (IfHJaS 
Solution. Next wasb back tbe ppt by opening tbe 
paper. Pour over tbe paper enougb pure HCl to 
dissolve tbe black sulpbides and wasb paper well and 
warm up, but do not boil tbe assay. Pass H^S and 
add a sligbt excess of dilute HH^HO Pass tbe gas for 
some ten minutes, bring to tbe boil, settle, fiJter and 
wasb well witb bot watei and Tbe combined 

filtrates aie nearly neutralized witb pui'e HCl, and 
allowed to stand on a warm spot for 15 mmutes Tben 
acidify carefnlly and add 5 c c. in excess of puie HCl 
Sbake tbe assay vigorously (beginning cautiously in 
case tbere is a violent evolution of gas), and allow to 
stand overnigbt, wrapping a filter papei aiound tbe 
moutb of tbe fiask Tbe assay sbould smell stiongly 
of H^S, if it does not do so a fui’tber atieam must be 
passed tbiougb Eilter tbe precipitated sulpbide 
tbrougb a 12 ^ cm fine papei, and wasb witb waim 
water, sligbtly acidified witb HgSO^ and containing 
H 3 S, until tbe filtiate gives no leaction for cbloiides 
Wasb tbe ppt back into tbe fiask from tbe opened 
paper, and pour over it 10 c c of warmed puie HNO 3 
Wasb tbe paper tboiougbly into tbe flask and boil down 
till tbe sepaiated sulpbur luns into globules, and most 
of tbe Hl^Og is evaporated Sbake tbe flask to break up 
tbe globules and iinse down tbe sides of tbe flask witb 
20 c c. cold water Place in tbe solution a piece of 
litmus paper, and render tbe assay just alkaline witb 
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dilute NH, HO (One NH,HO to two H^O ) TLen add 
5 0 c, of dilute acetic acid (1~1) and 0 5 gram of sodium 
acetate (A stock solution of 100 giams of acetate, 
600 c c acetic acid, made up to a litre witi. watei is 
kept ) Bi mg tlie bulk to some 200 c c and titrate boil- 
ing witK a standaid solution of uranium acetate, a 
solution of potassium ferrocyanide being used as 
indicator in tke spottmg disL TLe titration is best 
perfoimed by abstracting from tbe assay about 10 c c 
into a small beaker and titrating tKe remainder until no 
more ppt can be seen to be foiming, wben it is tested, 
and if a distinct brown colour is formed on tbe plate, 
tbe abstracted portion is added and wasbed in and tbe 
titration continued two or tbree drops at a time, boiling 
between eacli solution until tbe coloration begins to 
appear again Tbis indicates tbe end of tbe titration 
To make tbe Standard solution of uranium acetate, 
dissolve 34 grams of it in water and acetic acid 
Weigb tbe salt into a 400 c c conical flask, and add 
100 c c distilled water and 5 c c acetic acid (BP) and 
warm up to about 90° C If tbe solution is cloudy 
from small impurities in tbe salt, filter it into tbe 
1000 c c graduated flask, and repeat tbe 100 c c of 
water, and 6 c c acetic acid, using in all 25 c c of tbe 
acid, and making tbe cold solution up finally to a litre 
Standardize tbis solution witb pure wbite arsenic, 
As^Oj Dissolve as mucb in a 750 c c conical flask in 
10 c c pure HN 0^ as will contain about as mucb 
arsenic as tbe assay ASgOg contams 76 76% Arsenic, 
Tbe strengtb of tbe Standard solution is approximately 
such tbat eacb c c equals 0 005 gram of arsenic So 
tbat, suppose your 5 giam assay required 32 5 c c , tbe 
assay will contam about 0 1625 gram of arsenic. Tbis 
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i& equal to 0 2145 As^Og Take 0 2 gram (equals 
0 1515 gram As) Proceed in an exactly similar 
manner as in tke assay, from tKe solntion of tlie arsenic 
sulpliide tiU tke snlpliur rnns into globules, and most 
of HNOg is evaporated, witL. the exception tliat, as tlie 
approximate nnmber of c c reqnu’ed for tlie Standard 
IS known^ no solntion is abstracted to be added after 
The indicator contains 0 1 gram of potassinm ferro- 
cyanide per c c of water 

In poorer ores larger amonnts are taken, but in no 
case as mncb as will contain more tkan abont 0 2 gram 
of arsenic 

Procedure B 

In cases of minerals contaming only small qnantities 
of Arsenic, or wbere it is to be estimated as an 
impnrity, eg in Wolfram, from 3 to 6 grams are 
taken to complete diyness in a beaker flask of 250 c c. 
capacity witk 10 c c pnie HNOg Then 6 c c of a 
satuiated solntion of ferrons snlpbate are added, and 
tbe assay allowed to simmei for ten mmntes Cool 
completely, and tiansfer tlie wLole to a 600 c c round 
fiask with. 100 c c pure HCl, using snccessive portions 
of tb.e acid, and, if necessary, using a policeman to 
detacb. adbeiing parts of tbe assay Tben add 10 
grams ferrous cbloride and 5 giams calcium cbloride 
Make a solution of caustic so da by dissolymg 30 grams 
in water, and makmg up to 150 c.c in a 600 c c round 
flask Add a drop of metbyl orange indicator solu- 
tion Distil tbe assay into it, keeping it in a yessel 
of cold water, until tbe indicator sbows it beginning 
to turn acid Cease distilling at once Tbe distillation 
IS done directly into tbe soda solution. Tbe Operation 
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be peiforined as in tlie Illustration (Fig 1) 
Inunediately tlie Leat is removed at the end of tlie 
distillation, tlie tnbe is raised above tbe leyel of 
tKe liquid and wasbed in witb a few c c of distilled 
water Tbe solntion is cooled, made distinctly acid 
witb. 1—1 puie HCL neutralized witb pme NaHOOg, 
and 3 grains in excess added Two c c of starcb soln- 



aolution of lodine till a permanent blne coloration 
IS formed Tbe Standard solntion of lodine is pre- 
pared by dissolving 6 7732 giams of lodine in watei 
witb 10 grams KI, and making up to 1 litre Place 
tbe lodine and tbe KI in tbe litie flask, and ]ust coyer 
witb distilled water Eotate iilb dissolyed and make 
up to tbe mark Standaidize witb pme ASgOg Eacb 
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c c equals approxiiiiately 0 002 giain of arsenio Dis- 
solve 01 gram ASgOg, equal to 0 0757 giam aisenic 
in about 0 5 giam pme NaHO in 10 c c HgO in a 
300 c.c conical flask, boiling to complete solution 
Wasb down sides witb about 60 c c cold water, render 
]ust acid to litmus paj)er witb 1-1 pure HCl, add 3 
grams pure IfaHCOg, make tte bulk to about 200 cc 
with cold Water, and titrate in tbe cold after adding 
the 2 c c starcli solution 

Always lun a blank ” distillation witb tbe same 
amount of tbe reagents used in tbe assay, and sub- 
tract tbe c c lequired, if any, from tbose required by 
tbe assay 

]SragAS 03 +H 20 + 2 I=NagAB 0 ,+ 2 HI. 

In performing tbe above titration, run a preliminary 
assay or duplicate, to see about bow mucb I solution 
IS required, and in tbe case of tbe final assay and 
standaid defer tbe addition of tbe starcb till all tbe 
lodine solution is run into witbin 1 or 2 c c of tbe 
fi.nisb Tbe end point is tbereby sbarpened TJse 
fresb starcb solution daily. Tbe autbor bas used tbis 
metbod for rieb ores, using 0 4 gram of tbe sample, 
witb complete success 


BARIUM 


Tbe two most coinmonly occurring minerals of Barium 
ore are^Barytes, a sulpbate of sp gr 4 3-4 6, bardness 
2 6-3 5, streak wbite; and Witberite, a carbonate, 
sp gr 4 3, bardness 3-3 75, and streak wbite Tbe 
carbonate of Baiinm is soluble in HCl, but in tbe case 
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of tlie sulphate, it is necessary to resort +o fusion in 
Order to dissolve it Tlie fusion is best done in plati- 
num Sliould any element detiimental to platinum be 
suspected, tbe ore is first given an acid treatment A 
gram of tlie agated sample is weigbed into a 250 c c 
beaker flask, 10 cc pure IINO3 added, and boiled 
gently down to diyness, cooled, and 10 c c pure HCl 
added and boiled to about balf bulk Add 20 c c bot 
water, allow to settle, filter into a 400 c c conical flask 
tbrougb a 12 5 cm fine paper, and wasb witb bot 
water Tbe BaSO^ remains insoluble, any BaO or 
carbonate will go into solution Tbe next Operation 
19 to lecover tbis Nearly neutralize tbe assay witb 
(1~1)NH4H0 Dilute H2S0^(1-1) is now added to 
tbe boiling solution until no furtber ppt forms, and 
tbe solution boiled rapidly for twenty minutes It is 
tben allowed to settle till tbe liquid is quite clear, and 
filtered off tbrougb a 9 or 12^ cm fine paper, and 
carefully wasbed tbree or four times witb bot water 
Tbis ppt, is dried, tbe portion msoluble in acid is also 
dried, and tbe two are ignited togetber in a platinum 
ciTicible Wben completely ignited, four grams of a 
mixture of equal parts of K2CO3 and NaaCOg are 
added, and tbe wbole mixed in tbe crucible witb a 
stout platinum wire, and tben beated witb a cover 
Increase tbe beat till tbe mass fuses, finisbing off witb 
tbe blowpipe Wben cool, tbe fusion is dissolved out 
witb cold water and tbe barium carbonate, etc , filtered 
off tbrougb a 12^ cm fine paper, and wasbed free from 
Bulpbates Tbe residue is wasbed off tbe opened paper 
into a 250 c c beaker flask, 10 c c 1-1 pure HCl 
poured over it, tbe paper again wasbed, and tbe solu- 
tion warmed up to near boiling If it is not clear, 
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filter into another 260 c c beaker flask, througb a 9 cm 
fine paper, and wasb well with hot water Eender 
the solution alkaline with 1-lNH^HO, then nentralize 
with I-ICH3COOH, and add 2 c c in excess The 
solntion IS heated to about 90® C , and a strong solution 
of EgCr^Oy IS added till no further ppt forms It is 
allowed to settle, and filtered off through a 12^ cm 
fine paper, and washed well with a 20% solution of 
ammonium acetate Dry, and ignite in a porcelain 
or silica crucible to barium chromate BaCrO^ Weigh 
when cold The factor for Barium is 0 6047 Log of 
factor I 78154 


BISMUTH 

This metal is generally found in the native state, but 
13 found in many minerals in varying proportions 
Bismuthine, sp gr 6 4-6 6, hardness 2, and streak 
lead-grey, is a sulphide, and Bisniutite, sp gr 6 9, 
hardness 4-4 6, and streak greenish-grey, tho 
carbonate 

ProceduTe A 

In the case of the metal, take 6 gram, and of rieh 
ores, one gram, and treat cautiously in a 260 cc 
beaker flask with 10 c c pure HNOg When spon- 
taneous reaction ceases, place it on the warm plate, 
and bring gradually to drynesa Take up with 20 c c 
pure HCl, and boil down to about 10 c c Dilute with 
15 c c hot distilled water, allow to settle and filter 
through a 9 cm paper into a 500 c c conical flask 
Wash with hot water to which is added about 6 drops 
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of pure HCl for eacL. wasli Bring the bnlk of tlio 
filtiate to ßome 300 c c and pass Ibrougli it while liot 
a rapid stieam of HgS to satuiation, gently lotating 
tlie flask to Lasten reduction of tLe iron and precipita- 
tion of tlie sulpLides Allow completely to settle on 
a warm spot, and Alter rapidly tLrougL a 12 J cm üno 
paper, and wasli witL Lot water, wLicL is acidiAod 
witL a few drops of pure HCl, and satiuated witL SgS, 
till tLe Altrate gives no reaction for iron WasL back 
tLe ppt into tLe Äask, pieferably by tilting tbo 
funnel, tLat tLe same paper may be used for tLe nexi. 
Altration Digest tLe ppt witL 20 c c of strong E^S 
solution on tLe warm plate for ten minutes, bringing 
it just to tLe boil Allow to settle, and Alter olT 
tLrougL tLe same paper, and wasL witL Lot walor 
containing a c c. or two of tLe K^S solution witL eaob 
wasL, until tLe Altrate is not coloured, or only very 
sligLtly so WasL tLe ppt oA tLe opened paper inio 
a 250 c c beaker Aask, pour over tLe paper 10-15 c c. 
pure HNO 3 wLicL Las Leen warmed in tLe Aask from 
wLicL tLe assay Las just Leen Altered. Binse tLe Aask 
WitL 6 c c Lot water, and pour it over tLe paper, and 
wasL tLe paper tLorougLly Remove funnel, wasLinp 
down tLe stem Boil down tLe assay till tLe separate d 
sulpLur runs into globules, and continue evaporation 
carefully till tLe assay is dry. Allow to cool, an( 
add 25 c c dilute HgSO^ (10 0 c pure HgSO^, 15 c c 
water) and boil down tiU fumes of HgSO^ are evolvecl 
continue so for ten minutes Allow to cool verj 
gradually, add slowly 30 c c cold water If tLere u 
a precipitate Lere, tLe assay sLould be warmed up 
and frequently rotated to dissolve up any Bismuil 
separated out, If tLe solution is clear, proceed witLoU' 



BISMUTH 


furtlier warning Cool tliorouglily, and allow io 
stand for two tonis Any Lead in iKe oie will be 
piecipitated lieie Filtei it off iiito a 500 cc beaker 
flask, tkioiigli a 9 cm paper, and wask with. a cold 
5% Solution of HgSO^ some six or eigkt times Add 
escess of puie (1— l)NH^OH Bring gradually to tke 

boil, carefully pieyenting a violent frotking up Boil 
slowly foi two niinutevS, allow to settle completely, 
and filter tkrougli a 12 J cni fine paper^ and wash. witli 
bot water till tbe wasliings give only sligbt reaction 
for sulpliates Wask ppt back fiom tke opened 
paper, pour ovei tke papei some 5-8 c c pure HNOg, 
wask it down tkorougkly witk kot water, bring tke 
assay to tke boil till all Bismutk Hydrate is dissolved, 
and filter off any sulpkui tkiougk a 9 cm fine paper, 
and wask tkorougkly witk kot water containing a few 
drops of pure HNOg Neutialize tke acid largely witk 
and add a sligkt excess of (NHJ 2 CO 3 , 
Boil off most of tke excess, allow to settle, filter 
tkiougk a 12 ^ cm fine papei, and wask four or five 
tinies witk hot water Diy tke ppt completely at 
100^ C , sepaiate on to a clean clock-glass as muck of 
tke ppt as possible, and ignite tke paper in a weigked 
porcelain or silica crucible Allow it to cool, and add 
2 diops of pure HNOg Waim gently, and evaporate 
witkout spitting, increase tke keat gradually till 
fumes aie driven off, and tke lesidue assumes a pale 
buff colour Allow to cool, and add tke ppt Ignite 
it, at fiist gently, and increase tke keat to dull red- 
ness, mamtammg tkis keat till all tke ppt kas 
assunied a buff coloui Allow to cool and weigk wken 
cold as Bi^g The factor for Bismutk is 0 8966 Log 
of factor I 95269 Tke above procedure may be used 

o 
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for poorer ores, on larger amounts of tlie sample (say 
3-5 grams) WLere very small amounts are to be 
deteimmed use tlie coloiimeliic Piocediiie B 

Procedure B 

Ilse 2 grams of tbe sample, and proceed as in Pro- 
cednre A, to tlie Separation of tbe Lead To tbe 
filtrate from tbe Lead add an excess of ammonia, filter 
tbrougb a 9 cm paper, and wasb oiit Copper Remove 
fnnnel to a 50 cc Nessler tube, ponr over tbe fiinnel 
from tbe beaker flask 5 c c of dilnte B[^SO^(l-3) and 
wasb witb bot water till tbe bulk of liqnid reacbes 
some 40 c c Cool, and bring tbe bnlk np to tbe 
50 c c mark Add one crystal of sodinm sulpbite, tbe 
size of balf a pea, and one of KI tbe size of a pea, 
and rotate till botb are dissolved Bismutb caiises a 
yellow colonr in tbe solntion, due to solntion of Bis- 
mntb lodide in escesa of KI A Standard solntion is 
prepared by dissolving 0 1 gram of Bismntb of known 
pnrity in ]nst enongb pure HNOg taking to dryness, 
and taking np witb a conple of c c HgSO^, and dilnt- 
ing to 1,000 c c Eacb c c eqnals 0 0001 giam Bi 
A atandaid tube is prepared witb tbe same qnantities 
of HgSO^, Na 2 S 03 , and KI and watei, and tbe standaid 
solntion run into it till tbe deptb of colonr is tbe same 
as in tbe assay tnbe 


CADMIUM 

Tbe cbief mineral of Cadminm is Greenockite, a 
sulpbide CdS It is rare Its sp gr is 5, baidness 
3 5, and streak oiange Cadminm oocnis m many ores 
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of Zinc Dissolve a gram of the sample in a 250 c c. 
beakei flask;, and take to diyness witk 10 c c pme 
HNOg Take np witli 10 c c puie HCl, and boil for five 
minutes Dilute tbe assay to 150 c c witb hot water, 
and pass a stream of HgS to Saturation Allow the 
siilphides to settle, filtei tlirough a 12-j cm papei and 
wash out iron, etc , with hot, very slightly acidified 
(HCl) water Wash the ppt into the original beaker 
by tilting the funnel, and digest it with a solution of 
2 grains of so da in 20 c c water for five minutes, dilute 
to 100 c c and filter through the same paper, and wash 
with warm water till colourless The ppt is now 
washed back into the beaker fiask, and 20 c c of dilute 
(4-1) pure HaSO^ poured over the paper, and the papei 
well washed The assay is boiled for ten minutes, 
allowed to settle, filtered and washed Cadmium is m 
solution, add 1-lNH^OH till most of the acid is 
neutralized, dilute to 400 c c with water, and saturate 
with HgS while hot Allow to settle and filter through 
a 12 ^ cm fine paper which has been washed with about 
10 c c hot water, acidified with HCl, and finally plain 
water, diied and weighed Wash with hot H^S water, 
acidified with a drop or two pure HCl Place the 
funnel TVitli all the precipitate in the fume cupboard, 
and pour gently all aiound the top of the paper carboii 
bisulphide till a drop of the filtrate gives no residue of 
S when evaporated Dry the papei with Cadmium 
sulphide at 100° 0 in the oven for an hour, cool and 
weigh Subtract weight of the papei The factor for 
Cadmium is 0 7778 Log of factoi T 89187 
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CALCIUM 

Caibonate of Calcium in Yaiions looks like ckalk and 
limestone is very common, and as a mineial, Calcite 
Sp gr 2 7, Kaidness 3, streak "wliite Otker forms are 
Pluoi, the fluoride, Apatite, pkospkate, Gypsnm, a 
snlpkate 

Procedure A 

In tke case of good samples of a carbonate, place 0 5 
gl am into a 250 c c beaker flask, and add 5 c c pure 
HNOg Take to diyness Take iip witb 10 c c jpnre 
HCl, and boil for five miniites Dilnte to 100 c c 
^vitb distilled water, biing to tbe boil, and pass a 
stream of HgS Filter off any ppt into a 400 c c 
conical flask and wasli well witb bot Hß water Boil 
tbe filtiate free from H 3 S, add 2 or 3 c c pure HNO 3 
and boil for a furtber five minntes Sepaiate tbe Iron 
as basic acetate (see Iion, Procediue C), filtering into 
a 750 CG conical flask, dissolving tbe acetate ppt and 
reprecipitating as bydrate witb dilute NH^HO A 
drop or two of Br la added to tbe filtrate from tbe 
acetate before tbe ammoniacal solution is flltered into 
it Tbis, if any ppt occurs, is brongbt to tbe boil, 
allowed to collect, and flltered off tbrongb a 9 cm fine 
paper into a 750 c c conical flask Tbe filtrate must 
be fieely alkaline witb NH^HO It is next treated to 
a stream of H^S, and any ppt of Nickel, Cobalt or 
Zinc wbicb may possibly occnr is flltered off and 
wasbed Tbe filtrate is boiled, and Ammoninni 
Oxalate is added in tbe solid foim or as a satnrated 
solution till no fuitbei ppt forms, and tbe assay boiled 
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± 01 * twenty luiuutes to lialf an lionr If all the NH^HO 
IS expelled, add 5 c c and boil for a further five 
ininutes Allow to settle, and filter ofE tliiongli a 
12 i cm fine paper, and wasli well witli Lot watei 
Diy and ignite gently in a weiglied porcelain oi silica 
crncible at a beat nnder redness Allow to cool, add 
0 5 c c strong (NHJ 2 CO 3 solution, and diy completely 
in a water oven Ignite veiy gently again till no more 
(NHj) 3 C 03 is evolwed, allow to cool in a desiccatoi and 
weigb as CaCOg The amoiint of CaO is usnally 
letiiined and is got by inultiplying the CaCOg fignie by 
ü 56 The factoi foi CaO into Ca is 0 7143 Log 
T 86387 

Procedui e B 

In the case of Gypsum, the 01 e is fused in a platmum 
crucible with Na^COg and K 3 CO 3 in the same way as 
Baiytes (see above, page 30) The CaCog is filteied ofi 
and washed as in the case of Bai mm It is dissolved 
in pnie HCl, the solution lendeied alkaline with 
1-lNH^HO, and the Ca piecipitated as oxalate, and 
continued as in Piocednie A 


CHKüMIUM 

The chief 01 e of Chiominm is Chiomite or Chrome 
Iion Oie &p gl 4 3—4 5, haidness 5 5, and stieak 
brown 

Vrocediire J. 

In the case of iich 01 es going fioni 40% to 6 ü% CiaO^, 
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agate tLe sample finely Place iii tlie iDottom of a 
nickel ciucible of about 40 c c capacity a layei of 
NagCOg, say about 0 25 gram Tben about half fill 
it with Na^Og, and weigb up 0 5 gram of tlie sample 
Place tliis on tbe Naa02, cover tbe crucible witb a uickel 
lid^ and fuse oyei a Bunsen buiner, beginmng at a lou^ 
beat, and increasing tbe temperatuie as tbe mateiial 
melts, and maintain finally at a dull led foi tbiee or 
foul minutes Eotate tbe molten mass occasionally 
Allow to cool, wasb in tbe lid witb bot water into a 
350 c c beaker flask, place in tbe vessel 40 c c waim 
distilled watei, and tben tbe ciucible cautiously in an 
inclined position, to allow tbe water access to tbe 
fusion Cover tbe beakei and allow to stand in a warm 
place until all is dissolved away from tbe nickel 
Reinove tbe crucible witb tongs, and wasb it in 
tboiougbly Biing tbe bulk to some 150-200 c c , and 
allow to boil gently for ten minutes Allow to settle 
and filtei oft tbrougb a 12 j or 15 cm fine pap er into a 
250 c c conical flask, and wasb two oi tbiee times witb 
bot watei Wasb back tbe ppt into tbe beaker fla&k, 
open out tbe paper and pour over it into tbe beakei 
20 cc dilute HgSO^ Wasb in well, and boü till 
Solution IS clear, except, perbaps, foi silica Now 
cautiously add a 25% solution of NaOH till alkaline, 
and 5 c c in excess, and boil gently for five minutes, 
and allow to settle Filter into tbe oiiginal filtrate 
tbiougb a 15 cm papei, and wasb tborougbly witb bot 
watei four or five times after tbe filtrate comes tbrougb 
no longer yellow Rednce tbe bulk by boiling to some 
200 cc and add Tery slowly dilute until tbe 
solution IS acid, and 20 c c m excess Boil foi ten 
minutes, and cool Add fiom a 100 c c buiefcte a 
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(lecmormal solution of PeSO^THgO, until all tlie 
bidLiomate is reduced An excebs of FeSO^ solution is 
sL-own by a blue colonr witb potassium fenicyanide on 
tbe spotting plate Add abont 5 c c in excess, and 
note tbe amonnt leqnired ISTow titrate tbe excess of 
iron witb decinoimal using tbe ferncyanide as 

indicator Titiate 50 c c of tbe FeSO^ solntion witb 

tbe solu-tion It will generally be found to 

be weak dne to oxidation of tbe uon, and must be 
cbecked eveiy day it is used Tbe bicbromate 

solution if made up caiefully to will keep its 

stiengtb for a long time, but must of couise be 
occasionally cbecked Weigb up 1 39 grams of puie 
FeSO^THgO, dissolve in a 300 oc conical flask in 

40 cc dilute H^SO^, and titiate witb tbe^KgCr^Oy 

If correct it sbould lequire 60 c c Tbe ferncyanide 
indicator is lenewed every day, 2 grams in 100 c c 
distilled water Conveit tbe number of cubic centi- 
nietres of FeSO^ solution added to tbe assay into tbe 

equivalent of -^K^CigOy as found by titration, and 

subtiact tbe cc of EÜ^CigO^ required~by tbe excess. 

Eacb cc of ‘^E 2 Cr 2 O 7=0 00254 gram CrgOg Foi 

N 

instance 220 cc j^FeSO^ are added, tbe excess 
requiied 9 7 c c j^K 30 ] 20 y 50 c c -^FeSO^=48 5 c c 

£ 2^^207 Tben 1 c c ^ FeSO 4=0 97 c c ^ ^201207 
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and 220 c c FeS(J4=213 4 EjjCijUj Subtract tbe 
esces,s=9 7 c c EjCigOy, tben 5 giani sample is equiva- 

lent to 203 7 c c. ^ KaCiaO, Tlien 203 7 x 00254 gives 

v- 

tke amount of CiaOa, if tlie IS correct 

Suppose it lö found to be stiong, leqiuimg less tliau 
50 c c to oxidize tlie iron m 139 grams pme 
FeS0^7H20, say 49 2 cc , tlien a factoi, in tliis case, 
49 2-50=0 984 must be used, and conveisely if weak 
Tlie factoi for CiaOg into Ci is 0 6842 Log of 
factor ri83519 


COBALT 

Cobalt is mostly fonnd in arsenides, in Sinaltite of 
sj) gl 6 4-6 6, liardness 5 5-6, and stieak greyish- 
black, and Cobalt ite sp gr 6-6 5, liardness 5 5, stieak 
greyisb-black 

The arsenie is loasted off befoie acid tieatment Place 
in a silica oi poicelam criicible 1 gram of a good oie, 
or 3 5 grams of pooier ones, and ignite over a small 
flame till no more fnmes appear to come off, inciease 
the heat somewhat and coütiune till no moie Aisenic is 
sinelt Tiansfer to a 250 cc beakei flask when cold, 
boiling out the crucible with 10 c c pure HCl, and 
washing and policemanning it in Add 5 cc puie 
HNOg and take down to diyness Take up with 10 c c 
pure HCl, hoil for ten ininutes and dilule to 100 c c , 
neutiahze with 1-1NH,0H to a faint ppt , cleai with 
puie HCl, and pass a stieam of H^S till saturated and 
smelling stiongly Allow completely to settle on a 
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waini pait, filtei luto a 400 c.c conical üask and wasli 
well witli hot water and HgS Boil down the filtrate 
till fiee from oxidize with HNO 3 till no fiiither 

darkening takes place, and hoil again for five minntes 
Piecipitate the non, etc , as basic acetate, as desciibed 
in Iron, Piocedure C,” dissolve ppt. in HCl, and 
lepiecipitate as acetate, filteiing the second precipita- 
tion into the first filtiate Ilse a 750 c c conical fiask 
To the filtrate add abont one c c Bromine. Dissolve the 
acetate piecipitate again in pme HCl, boil till clear, 
and add exce&s 1-lNH^HO, and boil again Filter 
this into the brominated solution, and wash fonr or five 
tunes Add animonia to the solntion till all the Br 
IS taken np, biing it to the boil, allow to settle, filtei 
and wash through a 9 cm or 12 ^ cm fine paper into 
a 750 c c conical fiask Into the hot filtiate pass H^S 
±01 thirty minutes Allow the ppt to settle, aftei a 
thoiough agitation, and filtei it off, poming thiongh 
the 12 ^ fine papei as mnch as jDossible of the liquid 
without getting the pj)t on the papei Wash once by 
decantation with (NHJgS water, washing also the paper 
around once ISTow get the ppt on the paper, and 
allow the liquid to sink through, but do not wash 
Wash the ppt from the opened paper into a 250 cc 
beakei fiask, place 10 c c j)uie HlfOg mto the fiask 
fiom which the pj)t was filtei ed, and biing it to the 
boil Pour it ovei the papei into the beakei fiask, 
linse out the fiask twice with hot watei, and wash the 
papei Boil the assay down till the sulphur runs into 
globules, and evaporaie most of the acid Add 10 c c 
hot water, and filtei off the Sulphiii through a 9 cm fine 
paper into a 250 c c beaker fiask, and wash with hot 
watei eight or ten times Add to the solution a strong 
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fcjolution of EHO till alkalme, aud tlieii raake it acid 
witk CH3COOH Now add a satuiated solution of 
KNO2, some 20-25 c c Test tlie solution to see tkat it 
IS acid, and if not, make it so witk furtlier CH3COOH 
Agitate tke assay and allow it to stand oyerniglit in a 
warm place Eilter ofi the donkle nitiite of Co and E 
tkronglL a 12J cm fine papei into a 300 q c conical 
flask, and wask it six or eigkt times witk a 10% 
solution of CflHgOaK Now wask out tke CaHgO^E 
witk alcokol, and diy tke ppt caiefully at 100° C 
Sepaiate as muck as possible of tke ppt fiom tke paper, 
and bum it in a weigked iioicelain or silica ciuciblc 
Wken ignited, add tke ppt after coohng, and tken 
]ust cover tke ppt in tke crucible witk strong puie 
HaSO^ Tke ppt tken becomes 2CoSO^ 
Evapoiate off tke excess of acid witkout spitting on tke 
kot plate, and finisk off gently ovei a small flame till 
no fuitker fumes come off Tke ignition is to be only 
sufficient to diive off tke acid and ]ust fuse tke 
sulpkates Allow to cool and weigk Eactoi for Co is 
0 1417 Log of factor T 14922 

Tke piocedure may be followed foi all 01 es, two 01 
tkree grams being taken for poor ones 


COPPEE 

Tkis metal occurs native in considerable quantities 
Tke ckief oies are Coppei Pyiites, a sulpkide witk pale 
green stieak, kardness of 3 5^, and gravity 3 9-4, and 
Malackite, a carbonate of Coppei 
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Frocedure A 

When assayiug a ricli oie of copj^ei täte one giam of 
tlie sample, of pooier ores from 2 to 5 grams, and 
place in a 250 c c teaker Add 0 2 gram KClOg in the 
case of snlpkide oies, but omit it in otber cases Then 
add gradually, waiming vsligbtly at each. addition, 
20 cc pure strong ENO 3 Wlien all is added, and 
spontaneous evolution of brown fumes ceases, boil 
genily, taking down to comjilete dryness, and shaking 
tbe beaker around occasionally. Wben dry, cool, and 
add 30 c c pure strong HCl, and boil down to soine 
15-20 c c Dilute to 100 c c , boil, allow to settle and 
filter tbrougb. a fine pajier (a 9 cm paper will generally 
be large enougb, if not, then a 12 ^ cm one) into a 
750 c c conical flask Wasb. well witb hot water If 
any sulphui lemains after opening up, and is not quite 
yellow, it should be letained in the beaker, while as 
much as possible of the siliceous insoluble matter is 
washed on to the papei at the second 01 thiid wash 
The sulphur is tieated with 0 1 gram KClOg, and 
5 c c pure strong HHOg It is brought giadually to 
diyness on the hot plate, being frequently agitated so 
long as the sulphur tends to lun mto a globule When 
dry, add 10 c c purestiong HCl, and boil to half bulk, 
dilute, and filter through the oiiginal paper When 
the insoluble matter is thoroughly washed, the bulk is 
biought to some 400 c c and the assay boiled HgS is 
passed thiough it to Saturation, the liquid being swung 
around in the flask, to hasten and facilitate the leduc- 
tion of the chloiide and subsequent precipitafion of the 
coppei, which comes down as a black sulphide When 
saturated, the assay is reinoved from the Hß appaia- 
tus, and the tube deliveiing the gas carefully washed 
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lu Paiilcles of sulpliide ofteii adlieie to tke tube, and 
may be lenioved by rnbbing witb a matcli-stem, or 
dauip filtei papei and wasbed into tbe assay Tbe ppt 
13 allowed to settle, aftei a tborongb sb.aking, and 
filtei ed tbrongb a 12^ cm fine paper, tbe liqnid beiug 
decanted off, and tbe ppt wasbed once or twice by 
decantation Hot HgS water is nsed, wbicb bas been 
acidified sligbtly witb a drop or two of pure HCl Tbe 
ppt 13 finally wasbed on tbe papei, and wasbed till free 
fioin 11 on If tbe filtiate does not smell strongly of 

HgSj it sbould be tested witb a fuitber stream of tbe 
gas Any j)pt is added to tbe main bnlk Tbe jipt is 
wasbed back into tbe flask, 10 c c strong HHO3 is 
ponied ovei tbe paper into tbe assay, and it is wasbed 
in witb bot water Tbe paper may be diied and 
ignited, and tbe asb added to tbe assay in tbe flask 
Tbe assay is now boiled down till tbe snlpbur luns into 
yellow globales, and tbe bnlk of acid may be rednced 
to 5 c c 01 so It IS tben removed from tbe beat, 
agitated to break np tbe globales, and immediately a 
stream of au is directed into it, 01 tbe assayer blows 
into it tbrongb a bent tnbe to blow ont biown fumes of 
oside of nitiogen, as tbese inteifeie witb a snbseqnent 
Operation Tbe flask is iinsed aionnd witb cold water, 
tbe fumes again biown out, tbe bnlk brougbt to some 
150 c c and cooled Puie Na^COg 01 NaHCOg is added 
in tbe solid until a sligbt but distinct apple-gieen ppt 
IS formed It is cleaied witb acetic acid, B P , and 
2 c c in excess added Tben add ciystals of KI to tbe 
extent of ten times as mucb as tbere is copper in tbe 
assay (Suppose tbe ore under examination is Cn^S, 
wbicb cairies neaily 80 % Cu, tben tbe amount of KI 
to be added is 8 grams ) lodide ot coppei is foimed 
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Witt liberation of a proportionate amount of lodine, 
accoiclmg to tlie equation 

2Cu(CH3C03)a+4KI = CiX2la+2I + 4 CHSCO 3 K 

It IS titiated witli a standaid soliition of Tlio 

solatioji IS run in till mucli of the brown coloratioii 
IS discbarged, wben 2 cc starcb solution aie added, 
and tbe titration continued till tbe coloiir is finally 
diacbaiged A little practice will soon enable tbe 
operator to find tbe exact end-point An excess of 
bypo sbows a watery spot Wben tbe blue of lodide of 
starcb is discbarged tbe lodide of copper is dissolred in 
excess of ]iypo 

2RaÄ03+2I=2]SraI+]Sra3S,03 
Tbe Standard solution of bypo is made by dissolving 
39 18 giains pure Na 2 S 303 öHjO in distilled water and 
iiiaking up to a litre It is standardized witb pure 
electrolytic coppei It is a good plan to take as mucb 
copper for tbe standaid as is found in tbe ore Eacb 
c c of standaid bypo eqiials about 0 01 gram copper 


Proceclure B 

An excellent metbod for good 01 es, but one in oui 
experience tending to give sligbtly lower results tban 
Piocedure A, is to take tbe ore up, after taking diy 
witb HROs, witb 20 c c 3-1 dilute HaSO^, and boil 
down till fuming Allow to fume for five minutes, 
allow to cool giadually, dilute to 100 cc witb water, 
boil for five minutes, allow to settle, filter mto a 750 
c c conical flask and wasb tborougbly witb bot water 
Bring tbe bulk to some 400 c c and boil Now add, 
at tbe rate of 2 or 3 c c at a tune, a boiling saturated 
solution of Ra^SgOg and sbake tbe assay tboiougbly 
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between eacb addition Wien all colour is gone from 
tb-e solution, and tbe sulpL.ide of coppei settles rapidly 
to tbe bottom, a luitbei addition of bypo makes no 
cbange and tbe piecipitation is coinplete Aftei a veiy 
tborougb final agitation, tbe ppt is allowed to settle, 
and rapidly filtered as soon as settled tbrougb a 12-^- 
cm fine paper, and wasbed witb bot water and a few 
drops of HgSOg till fiee from Iron It is then wasbed 
off tbe paper as in tbe case of tbe HjjS precipitation of 
Proccdiue A and tbal j^ioceduie followed io tbe end 


Procedure C 

Tbe ore is treated as in Procedure A or B as far as 
boiling down tbe nitrate solution till sulpbui runs into 
globules Tbe bulk is not leduced after tbis It is 
diluted to 150 c c witb cold water, 30 c c I-INH^HO 
is added, and tbe solution titrated witb a Standard 
solution of KCN till tbe blue colour is discbarged A 
Standard is run witb pure electrolytic copper, and tbe 
success of tbis metbod depends upon tbe amounts of 
niateiials iised, bulks of solution and all conditions 
being tbe same Tbe globales of sulpbur in tbe assay 
inay be neglected Tbe standaid is run inimediately 
aftei tbe assay In an ore going 50% of copjiei, foi 
instance, 0 5 gram electrolytic copper is weigbed into 
a 750 c c conical flask, and dissolved in 10 c c pure 
HNOg Boil for two minutes, dilute witb cold water 
to 150 c c , add 30 c c 1~1NH^0H, and titrate as nearly 
as possible at tbe same rate as tbe assay 
Tbe Standard solution of ECN is made by dissolving 
42 granis of it in distilled watei, and making up to a 
litre 1 c c =0 01 gram Copper 
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Procedure D 

In tlae case of oies containing mwch impiiiity, eg Sb, 
As, 3-5 giainh aie taken, accoidmg to iicliness oi tlie 
sample, and Procedure A is followed to wasbing tlie 
sulphide ppt free from Iion Tbe ppt is tben wasbed 
back into tlie flask by tilting tke funnel, and not 
opeuing the paper Tben 20 c c of a strong solution 
of KgS (prepared by passmg a rapid stream of B-ß 
throngli a strong solution of KOH) is added, tke assay 
brouglit to tbe boil, and filtered tbrougb tbe same 
paper^ and wasbed witli bot water witb a few drops 
of KgS solution at eacb wasb until tbe solution is 
colourless Tbe ppt is tben wasbed back, dissolyed in 
HNOg as in Procedure A, and so on to tbe end 
If tbe ore contains inucb Pb it is taken up witb HgSO^, 
wben tbe bulk of tbe Pb is precipitated as sulpbate, 
and filtered off witb tbe insoluble matter 

Procedure E 

Wben estiniating very small quantities of Cu, a 
colonmeliie process is adopted Take 5 grams of ore, 
and f ollow Procedure D Tbe solution of tbe sulj^bides 

in HNOg IS taken yery low, it is diluted witb distillecl 
watei to 20 c c Add 8 c c NH^HO (l'-l), bring neaily 
to tbe boil, and filtei tbroiigb a fine 9 cm paper into a 
100 c c Nessler tube, and wasb If mucb ppt (Bi) is 
piesent, it must be dissolyed in HNOg and reprecipi- 
tatecl witb ammonia and filtered and wasbed 

again Anotber tube is piepaied witb as neaily as 
possible tbe same amounts of water, acid, and 
and tbe tubes cooled To tbe Standard tube, standing 
witb tbe assay tube on a wbite surface (tile or paper) is 
addecl a Standard solution of Cu until tbe deptb of 
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coloTir IS tlie same as in the a&say tiibe Tlie btilks 
sbould botb be ai tbe 300 c c maik, and tbe matcbmg 
doiie as neaily as possible It i& neaily always tbe 
case tbat tbe assay tube will appeai a more greenisb- 
blue tban tbe Standard. If a drop or two of a very 
dilute solution of KgCrO^ is added to tbe Standard tube, 
tbe same greenisb tint is given to tbis one, and tbe 
coloiiis more satisfactorily matcbed 
Tbe Standard soliition is niade by dissolving 0 5 gram 
electrolytic copper in snfficient HNOg, boiling for 
a minute and dilutmg to a litie Eacb c c = 0005 
gram Cu 


GOLD 

A general indication of tbe procedure of tbe assay of 
Gold ores only, is given bere 

Tbe inetbod used is a dry one Tbe principle is tbe 
Collection in a sbower ’’ of Pb of tbe gold tbrougb 
tbe fnsing ore Tbe cbief constitnent of tbe gangiie of 
gold ores is most often quartz Tbe flux for tbis is 
Na^COg 

SiÖ 3 +Na 3 C 0 g=C 02 +Na 3 Si 03 , so tbat tbeoretically CO 
paits S 1 O 2 lequiie 106 paits of Na^COg Litbarge, PbO, 
also fuses it well, and is used in conjunction witb tbe 
Na^COg Tbe button of Pb is got by tbe addition of 
cbaicoal (or flour), wbicb reduces tbe PbO to Pb 
About twice as mucb flour is required as cbarcoal, and 
IS sometimes preferred It is finer, and easier to mix 
in tbe cbarge 

Tbe weigbt of 01 e generally used in tbis case is tbe 
assay ton ” Results are leturned eitber 


in ounces 
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and decimals of an oimce, or oimces, penny-Tveights 
and giains j)er ton Tlie ton may be tbe usual or 
“ long ” ton of 2,240 pounds, oi tbe “ sbort ” one of 
2,000 pounds In tbe case of tbe long ton a convenient 
weigbt for tbe assay ton is 32 6667 gianis, since tbere 
are 32 6 onnces to tbe long ton, It will be seen tbat 
eacb 0 001 gram of gold from a cbarge of one assay ton 
of oie eqnals one onnce of gold per ton , a coiiesponding 
weigbt for tbe sbort ton is 29 1667 giams Tbe objeet 
of tbe assay is to get a flux wbicb will gradually fnse 
tbe ore to a syimpy mass, tbrongb wbicb tbe Pb may 
run to form a bntton of convenient size, tbe wbole 
poured into a mould wben completely fused and 
tranquil, and tbe solidified slag knocked away wben 
cold fiom tbe bntton of metal Tbe bntton is 
cnpelled in a muffle fnrnace in wbicb tbe Pb is oxidized 
and absorbed into tbe cnpel, leaving tbe bead of Gold 
For a bigbly siliceons ore tbe following proportions of 
flnxes will give a good fnsion for one assay ton of ore 
(long or sbort) 

OlG 

Na^COa 

Na^B.O, 10H,0 

PbO 

Flour 


1 assay ton 
64 grams 

6 5 grams 
48 grams 

2 5 grams 


Place tlie ore, with tHe Na^COa and NajB^Oj in a clean 
Wedgwood mortar Mix them tlioiouglily, add tlie 
PbO and flonr, and mix again Turn the cbarge out 
on to a piece of glazed sampling paper, and transfer 
to a cnicible Imown as a “ Battersea G lound ” Place 
in a fnrnace at a red beat, baving first put a cover 
on tbe crucible Increase tbe beat till tbe wbole mass 

V 
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r.t) 

iu'tt's, am! wlicii Iniiuiiiil, take off tlie coTer, lemove 
iha I nu'ilili', swing j|. gonily arouiul to “ wask ” any 
jui! Ildes (jf IMi mlo ona JiiaiSH ai llio boiloiii, aud pour 
tait'lully into ii clean <hy moiilcl Wheu cold knock 
a\Miy llie dag, knock llio Initton into n cnbe and knock 
olT any adlieving «lag The nest step is to cupel the 
Imiton Tliia is dono in n muffle furnace, one in 
uliieli rednemg gasos do uot play on tlie assays, but 
lliey tue liisded in a coinpartmeni to which the oxygen 
»I (he uir bas i'ree aecoss, Ihufi oxidmng the lead and 
leuving gold und ailver in the cupel The muffle 
f'unmee niusi he hconght to practically a bright orange 
heal wilh the cupel in pofutioii, and the button of Pb 
jdaeed genlly inio ii, iho mouth of the fuinace 
initni'diately closed, and allowed to remain so until 
the huttou is nieltod and liad time to leach ita 
imiviinuin heat ivhon tho upper part of the furnace 
TUtmlh is cnutiously opened an inch or so, and 
grudually romoved aliogether Ii is important to 
uvoid a Huddoii inrusli of cold air. This would cause 
“ freesjing,” or a fonnalion of a crust of oxide on the 
top of tlie luetal whicli prevents further cupellation 
ir this should happen, cupellation may be lestai-ted 
hy htdding ovor the cupel ]ust above the ciust a piece 
(»r chnremvl, or hy c.autiously dropping a little charcoal 
on the top, and rcclosing the furnace mouth The 
crusl will h(‘ i’oducod when cupellation may again 
hegin. The course of the cupellation can be seen by 
n gnidual dnninution in sizo of the molten metal, and 
the tinid head of piecious inetals is easily distin- 
guishiMl froiu the cupelling Icad "Wlien finished the 
Mipel is hvought to tho front of the furnace, and 
tinnlly wilhdvnun altogotbcr When cold the head rs 
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gently prised fiom the ciipel witli a pair of forceps, 
placed 011 a clean smootli anvil and given a tap witli 
a haminei to flatten it It ih tlins also freed fioni any 
speck of adhering cnpel, whicL. is bruslied awy The 
head is then T^^eighed The gold la always alloyed 
with ailver froni which it is ^'parted ” by treating in 
pure dilute HNOg, in which gold is insoluble while 
silver goes into solution The silver, however, must 
be present to the estent of at least 2 5 times the 
amount of gold to part properly A yellow bead will 
be sure to require the addition of pure Ag to give a 
proper parting Weigh up 2 6 timeg the weight of 
the bead in a gram or two of lead foil and cupel it 
with it Flatten on the anyil aa much as poasible, 
and, if wider than a test tube, curl it till it will drop 
easily into one Add 10-16 c c of “ first parting 
acid, which is one part of pure ledistilled HNOg to 
one of distilled water No trace of CI must be present 
or gold will go into solution The test tube is kept 
in a vessel of boiling water for twenty minutes It 
IS then remoYed, the acid is poured off the residue 
slowly, to allow it to remain in the tube Then a 
similar amount of stronger acid is added to it of the 
strength of one part of acid to half of distilled water 
This IS given twenty minutes in the boiling water, the 
acid poured off, and the residue given two or three 
careful washea with distilled water, The tube is then 
filled with water, a small crucible (piefeiably of clear 
fused silica) of deep narrow shape is placed over the 
top, and the whole quickly inverted so that the gold 
drops into the crucible, the test tube is carefully slid 
away, the edge of the crucible placed against the test 
tube, and the water poured carefully away, so tha^ 
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tlie gold hes in the bottom It is caiefully dned, 
and gently ignited ovei a small Bunsen flame, allowed 
to cool, and weiglied Tbe diÖeieuce betweeu tbe 
weigbt of tbe oiiginal button, and tbat of tbe gold, 
gives tbe weigbt of silver 

Tbe gangne of gold ores niay contain oxides and 
sulpbides of different inetals, requiring different fluxep 
and treatment 

Oxide of Iion occiirs fieqnently, borax and litbarge 
fnse it An inciease of flonr is necessary in oxidized 
ores Witb many ores a good plan is to run a pre- 
liminary assay witb a view to getting a malleable lead 
bntton of correct weigbt Tbis sboiild be from 20 
grams to 25 grams 

In tbe case of sulpbides occnrring in any qnantity 
tbe ore la roasted in an open clay disb before fusion 
Tbis may be done at tbe moutb of tbe muffle at 
incipient redness. Wben tbe preliminary fnmes bavo 
been driven off, tbe oie is stirred witb a clean iron 
rod, and treated till no fnrtber SO^ can be smelt 
on witbdrawmg tbe disb Tbe sulpbides are tbus 
pnncipally converted into oxides If tbe ore con- 
tains not more than, say 10% of sulpbides, it may be 
fused rigbt away, tbe sulpbides taking tbe place of 
flour in rediicing PbO To ensure a malleable button 
insert in tbe assay pot two or tbree non nails (say 3 
incb) Wben tbe ore is fused, stir it around witb 
eacb nail, and tap any buttons of Pb off tbem before 
pouiung tbe assay. Tbe remarks on metallics in 
Paii; I do not apply to gold ores In tbis case tbe 
weigbt of ore froin wbicb tbey werc obtained is deter- 
mined Tbe metallics tbemselves are wrapped in lead 
foil, and cupelled, inquarted, and parted Tbe yield 
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of precious metals as nietallics is calculated from tkeir 
weiglits in relation to tlie weight of ore from wliicli 
thej were obtaiued, and tliis result added to tlie 
leturn from tlie metallics-free ore, wliich is fiised and 
assayed in tlie nsnal way separately 
In tbe case of ricL. ores it is necessary to collect tlie 
slag from tbe fiist fusion and retreat it witi. fiebh 
litharge and flonr, for gold wliicli has not been 
collected in tbe first bntton Tbe lesulting button is 
cupelled, and tbe bead, if any, treated as above, tbe 
resnlts bemg added to tbose of tbe original fnsion 
Sometimes a Pb button too big foi tbe cupel is 
obtained, or it is brittle carrying Cu, or some otbei 
base metal, wbicb will interfere witb cupellation or 
cause loss of gold Sucb buttons are scoiified Tbe 
temperature required for tbis Operation surj)asses tbat 
required for cupellation Tbe button is scorified witb 
a gl am or two of boiax A ring of litbarge foims on 
tbe lead as tbe Operation proceeds, wbicb becomes 
tbicker and tbicter until a layer forms iigbt over tbe 
Pb, and tbe fusion poured into a dry mould, and tbe 
button tieated as above 

Some complex oies, and very rieb ores, are assayed 
by scorification Only one-tentb of an assay ton can 
be taken, and 30 to 40 grams of granulated Pb free 
from Ag, or of wbicb tbe Ag content is known and 
can be deducted Tbe ore is mixed witb lialf tbe Pb. 
Tbis IS placed in tbe scorifier, and tbe rest of tbe Pb 
IS spiead on tbe top, and a gram or so of borax placed 
on tbis, and tbe wbole scoiified The slag is 
cleaned ’’ by dropping on to tbe molten assay in 
tbe muffle wben tbe iing bas closed about 0 6 gram 
of cbarcoal wrapped in tissue paper, and closing tbe 
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muffle for a few minutes befoie witlidiawmg tlie assay. 
Several scoiifications can be done, the resultiiig 
buttons scoiified togetLei to a conYemeiit size, if it is 
desiiable to woik on a laigei amount of oie 


lEON 

Tbib metal occms cbiefly as oxide Hseinatitea &p gi 
6 5-6 5, streak iion-black, and bardness 5 6-6 5, and 
Magnetite sp gr 51-5 2, stieak black, and bardness 
5 5-6 5 are tbe cbief oxides Cbalybite is a caibonate 
of sp gr 3 8, streak wbite, and bardness 3 5 Tbeie 
aie also tbe ocbres 

Procedure A 

Most of tbe ores of Iion are solublö m HCl In tbe 
caae of ncb ores take 0 35-0 4 gram of tbe agated 
sample, place in a 300 c c conical flask, and digest on 
tbe bot plate witb 20 c c pure HCl till sbowing notb- 
mg undissolved but wbite siliceous matter Dilute 
to 150 c c witb watei, and bring to tbe boil, and add 
drop by drop to tbe boiling solution a saturated solu- 
tion of stannous cbloride 

Ee2Clo+SnCl,=2EeCl,+SnCl, 
until tbe yellow colour of Ferne Cbloiide is dis- 
ebarged Do not add a laige excess of tbe SnClg An 
excess of course is necessaiy, but let it be a small one 
Tbis excess is precipitated by adding a strong boiling 
solution of Meicuiic Cbloride till no furtber ppt 
forms Bring to tbe boil, place a coyer on tbe flask, 
and cool Titiate witb a Standard solution of KgCigOy, 
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Uhing a Solution of Potassium Peiricyamde as indi- 
cator on a spotting plate Ferrous iron imparts to 
tlie indicator a blue colour wliicli i& not tlie case witli 
tbe osidized iroii Tbe end of tbe titration is indi- 
cated tberefore by tbe renioval of tbe colour. Mucb 
reduced iron imparts a dense blue, wliicli gradually 
fades as tbe iron is oxidized Tbe titration may be 
finisbed to a drop, an excess of bicbromate imparts a 
straw coloui to tbe indicator It is well to run tbree 
assays wbere tbe amount of iron is quite unlmown, 
tbe first one being run slowly witb continual spotting, 
tbe otbers run to witbin a c c or so of tbe finisb, and 
tben finisbed gradually 

6FeCl3+K2CrA+14HCl=3Fe201,+Cr,Clo+2K01+7HgO 
Tbe Standard solution of KaCr^Oy is made by dissolv- 
ing 4 39 grams in distilled water, and diluting to a 
litre Tbe feriicyanide solution is made fresb eacb 
day by dissolvmg 0 1 gram in 100 c c distilled 
water 

Tbe Bicbromate solution is best standardized witb 
pure non wire Weigb 0 2 gram into a 300 c c 
flask, and dissolye in 10 c c dilute HaSO^, dilute witb 
cold boiled distilled water to 160 c c and titrate. 
Eacb c c equals 0 005 grams Fe 

Alternative metbods for reducing tbe iron may be 
employed Wben tbe iron is dissolved, and tbe solu- 
tion diluted as in tbe above Procedure, pass a stream of 
HgS tbrougb it wbile bot, till it smells freely of tbe 
gas If a ppt is foimed it is filtered off, and 
tborougbly wasbed witb bot water and H2S Boil tbe 
solution till a stiip of lead acetate jiaper no longer 
daikens in tbe issuing steam, cool, and titrate as above 
H2SO3 may be used in tbe reducing agent in H2S0^ 
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solutiou of tlie 11 on Tte excess must be boiled o£E tis 
in t]ie case of H^S 


Procedure B * iL 4 

Weigli 35 to 4 gram of a rieb ore luto a 300 6 . 
and 6 c c pure HNO 3 and täte to dryness, add 30 c c 
dilute HjSO^ and boil down till fuming begins Allo^^ ^ 
to cool giadually, dilute witb cold water tp 160 c c'V 
bl mg to tbe boil, and reduce as in Procedure A witb 
HgS or H 3 SO 3 Cool and titrate witb a standaid 
Solution of KgMn^Og iintil a drop colours tbe solution 
distinctly pink Tbis colour may fade, but tbe end of 
tbe titration is reacbed wben tbe pink colour first 
colouis tbe wbole solution. 

Tbe standaid solution of peri iganate is made 
by dissölving 2 82 grams in » tilled water and 
diluting to a litie Standardize witb 11011 wiie as in 
Procedure A 

If pme iron wire is not available, feiious sulpbate, 
EeSO^ TH^O of known punty may be used It contains 
wben puie 20 14% Ee Take one gram, di&solve in a 
300 conical flask in 30 c c dilute HgSO^, dilute to 
150 c c and titrate If tbe Standard solution is 
correct it will require 40 3 c c 

Procedure C 

In tbe case of impure and complicated ores take as 
mueb as will contain not more tban 0 5 gram of iron, 
place in a 250 beaker flask/ add 10 c c pme HNO3, and 
take to dryness Take up witb 20 c c pure HCl, and 
boil for ten minutes Dilute to 50 c c witb ^istilled 
watei, boil, allow to settle, and filter into 300 0 c 
conical flask tbrougb a 9 cm fine papeajÄ^I|^ tbe 

■ 
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residue is suspected of containiug uudecomposed Fe, it 
IS iused witli NaaCO^, extracted witb. water, taten to 
dryness witli HCl, taten np witt HCl, diluted, filteied 
and wasted into tLe original acid solution Wast 
ttoiougtly Witt tot water, bring tte bnlt to 150 cc 
and pass a streani of HgS ttiougt it to Saturation 
Filter ttrongt a 9 cm or 12 ^ cm fine paper, and wast 
Witt tot water containing HgS and acidified witt a 
drop 01 two pure HCl If tte oie contains no fuitter 
impurities tte iion may be estimated in tte solution 
by Proceduie A, after boiling off tte excess of HgS If 
Mn IS present in any quantity or ottei impuiity as 
Zn, Hl, Co, etc , tte basic acetate ” Separation is 
performed Aftei all H^S is boiled off (test witt lead 
acetate paper), 5 c c of pure HHO 3 added, and tte 
assay boiled for a fuitter fiye minutes A 20% 
solution of HaOH is tten added until tte assay assumes 
a reddist tint Tten tte assay is cooled to about 
80^ F., and a saturated solution of Sodium Acetate 
added until tte assay no longei darkens It is tten 
dilute^to about 400 c c and biougtt to tte boil, and 
at once removed from tte teat Allow to settle 
Filtei ttiougt a 12^ cm fine paper and wast once witt 
tot water Wast back into fiask by opening out tte 
paper, pour oyer tte papei 10 c c puie HCl, wast in 
well, boil till quite clear, and add a sligtt excess of 
I-IHH^HO, boil again for two minutes and filter off 
ttiougt a 12 | cm fine paper, and wast some six times 
witt tot water W ast back tte ppt again, pour ovei 
tte paper 10 c c puie HCl, wast tte paper well with 
tot water and boil tte solution till clear Tte iron is 
tten deleniuiied as in Piocedure A 
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Frocedure D 

Teiy small quantities of Iion are esiimatecl coloii- 
metiically, a solution of a sulpliocyanide gives to ferne 
salts in solution a reddisli colour, varying in intensity 
witli tlie amount of Iron piesent A standaid solution 
of Iion is prepared by dissolving 0 1 giam of puie Iion 
wiie in sufficient pure HCl, oxidizing witli a few diopa 
of pui'e HNO 3 , taking to dryness and taking up witli 
3 c c puie HCl Tlie solution is diluted to 1 litre, and 
eacli c c =0 0001 giam Iron 

Dissolve 5 giams of Potassium Sulpliocyanide in 
100 c c water 

Iron will be found in praetically every inineial, in 
some in veiy small quantities, as in Cbina Clay, foi 
example 

Tlie Iron, in tlie oxidized state and in solution in pure 
HCl, is placed in a Nessler tube, 10 c c of tbe sulpbo- 
cyanide is lun in, tbe wbole being cold, and inade up 
to tbe 50 c c maik A standaid tube is prepaied wiib 
cold Tvater and 10 o c snlphocyamde, tlie Standard 
Iron solution run in carefully till tlie deptli of Imt is 
the same, and tlie bulk made up to tbe 50 o c inaiJi. 
Tbis test IS extremely sensitive and ininute ainounts of 
Iron can be deteimined by it 


LEAD 


Tbe conimonest mineral of Lead is Galena, sulpliide of 
lead, witb a giavity of 7 4-7 6 , and bardness 2 5-2 75 

g ey Leak 
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Procedure A 

In tlie case ol jmie oi neaily piuo samj)les oi galena, 
one gram of tlie 90 inesL. sample la tieated in a 200 c c 
beaker witb. 15 cc pure HlfOg and about 2 giam 
KCIO 3 and placed on the warm plate till evolution of 
brown fumes bas ceased It is tben boiled slowly down 
to dryness If mucb sulpbur lemains unoxidnzed or is 
of a greenisb colour, a furtber 5 c c pure HNOa, 
togetber witb about 0 1 giam KClOg aie added, and tbe 
aasay biougbt again slowly to complete dryness Now 
add 20 c c of I-IH^SO^, and boil down until tbe wbite 
fumes of HjjSÜ^ evolye, and continue tbis for ten 
minutes Cool giadually, add 20 c c of pure cold 
water, bring to tbe boil, cool again, and add an equal 
Volume of alcobol Allow to stand overnigbt Filter 
off tbe precipitate and residue tbrougb a 12 ^ cm. fine 
paj)er, and wasb witb dilute H^SO^ (strengtb 1 of 
acid to 4 of puie water) till free from metala in 
Solution, get tbe wbole on tbe paper, and wasb around 
tbe top of tbe paper six times witb alcobol, allowing it 
to lun rigbt tbiougb eacb wasb Now dry tbe ppt 
caiefully at 100^ C and detacb as mucb as possible of 
it from tbe paper on to a clean, dry, waim watcb- 
glasB Burn and ignite tbe paper in a weigbed porce- 
lain or silica crucible, allow it to cool, add 2 drops 
of puie HNO 3 , and warm gently, tben 1 drop of 
l-lH 2 S 0 ^^, warm up again, and beat till all tbe acid 
IS driven off Wben cool, add tbe ppt on tbe watcb- 
glass, and ignite for ten minutes at a dull led beat 
Cool and weigb Tbis weigbt represents tbe PbSO^ 
yielded by tbe sample togetber witb tbe insoluble 
matter Tbe PbSO^ and insoluble are tiansferred to a 
260 c c beaker, tbe ciucible being boiled out witb two- 
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thiids its capaoity o£ satui'ated solution of ammonmm 
acetate, tlie solution added to tlie beakei and tlie 
ciucible finally “ policenianned ” out Ten giains ot 
anunonium acetate in 25 c c "water are added, and tlie 
wbole gently boiled until tbe RbSO^ is diasolved out 
It IS filtered and wasbed witb boiliug watei ten tinies, 
a little ammonium acetate being added to eacb -wasb 
It IS finally diied, ignited and weigbed Tbis weigbt 
subtiacted from tbe previous one gives tbe amount o± 
PbSO^ yielded by tbe jample Tbe factoi for Pb is 
6832 Log of factor 1 83453 

Pracedure B 

In tbe case of inipui-e Galenas oi otbei ores of lead, 
proceed as follows 

Take 2-5 giams of sample and add 15 c c puie HNOg 
in a 250 cc beaker witb 2 giam KClOg, and bring 
gently down to dryness Now add 20 c c pure HCl, 
and boil for ten minutes Add 20 e c boiling water, 
and, wbile quite bot, filter off tbrougb a 9 cm oi 121- 
cm fine papei into a 760 c c conical flask, keeping as 
mucb as possible of tbe insoluble residue in tbe beaker 
Wasb SIS times witb boiling water, and finally witb 
6 c c of a saturated solution of ammonium acetal e 
Tbis will dissolve out any remaming traces of lead 
cbloride Get tbe residue on tbe paper, and wasb 
finally witb boding water Let tbe bulk now be 350- 
400 c c Neutralize most of tbe acid witb 1-lNH HO 
witbout getting a permanent precipitale, and bring 
to tbe boil Now pass into tbe assay a stream of 
HjS, wbile keeping it gently rotating Wben ibe 
iron, etc , is reduced, let tbe assay saturate witb H S 
for twenty to tbiity minutes, wben it sbould smell 
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stioiigly of ilie gas on being disconnected from the 
geueiatür, and allowed to stand foi five niiiuites 
Wlien it ]iaö stood in a waim place till qnite settled, it 
IS filtered ofl: tlirougli a 12| cm fine papei, and waslied 
free fiom iron, etc, witli liot water to wliicli a few 
drops of pure HCl kave keen added, and TLß water 
added at eack wask Tke filtrate skonld be fnrtker 
tested witk 'Kß Wask tke ppt back witk hot water 
into a 260 c c beaker and ponr over it 20 c c of a 
strong sohition of KgS, and wask paper witk kot water 
If any ppt lemains on tke paper, pieseiwe it, to 
dissolve tke ppt off nltimately witk HNOg Bring tlie 
sulpkide digestion to tke boil, allow to settle, filter 
off tkiongk 12^ cm fine paper, and wask witk kot 
water containmg E^vS, till tke filtrate is colourless 
Wask back tke ppt mto tke beaker, ponr oyer tke 
opened paper 10 c c of kot pme HNOg into tke beaker, 
and wask off Take to diyness, and take np witk 
20 V c l-lHgSO^, keat till fmnes aie evolved, allow to 
filme for ten niiniiies Allow to cool, and proceed as iii 
Piocedure A, weigking as pme PbSO^ 


MAGNESIUM 

Tke ckief mineral of Magnesium is Magnesite, a car- 
bonate of sp gr 3-31, kardness 3 6-4 5, and streak 
wkite It occnrs in dolomite and limestone Tkere 
are several silicates of magnesium, e g , Serpentine, 
Steatite, Meerschaum, etc 

Froceclure A 

In tke case of good sainples of magnesite, dissolve 0 5 
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gram in a 250 c c beaker witb 10 c c pure HCl, and 
boil for ten miuutes. Dilute io abont 40 c c and filier 
off tbiougli a 9 cm, fine paper into a 200 c c conical 
flasb, and wasi tboronglily with. bot water Pass a 
stream of H 2 S tbrongb the filtrate to Saturation, and, 
i£ any ppt is formed, filter off and wasb witb HgS 
water into a 300 c c conical flask Boil down tbe 
filtrate to about 100 c c , add 6 c c pure HNO 3 , and 
boil again for five minutes Add 2 grams NH^Cl and 
excess of I-INE^HO, and pass HgS in a rapid stream 
for fifteen minutes Allow to settle, filter off tbrongb 
a 12^ cm fine paper mto a 500 c c conical flask, and 
wasb tborougbly witb bot water witb (NH 4 ) 2 S in 
solution To tbe ammoniacal filtrate add a sligbt 
excess of (NHJ 2 CO 3 , and allow it to stand for an 
bour on a warm part of tbe plate, and filter tbrongb 
a 9 or 12J cm fine paper, and wasb witb warm 
water into a 750 c c. conical flask, bring tbe bnlk 
to some 600 c c , add 10 c c SSONH^HO, and add an 
excess of a satnrated solution of Sodinm Pbospbate 
Tbe assay is tborougbly cooled and agitated 
energetically for five minutes, and allowed to stand 
overnigbt It is filtered off tbrongb a 12} cm 
fine paper, and wasbed free from Sodinm Pbospbate 
witb cold dilute NH^HO Wasb tbe precipitate back 
into tbe flask from tbe opened paper, ponr over tbe 
paper and into tbe flask 10 c c pure HCl, and wasb 
tborougbly witb bot water Bring tbe bnlk to 200 c c. 
and boil till quite clear Ren der just alkaline witb 
dilute NH 4 HO, and add 5 c c of tbe stock acetic acid— 
sodinm acetate solution as described under ^^Arsenic, 
Procedure A ” — and titrate tbe boiling solution witb 
the Standard solution of ITranium ncetate (see Arsenic, 
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Procedure A uaing tte potassium ferrocyanide 
indicator Get tlie aisenio Standard for the nraninm 
acetate, and, bince Mg in ttiö case coiie&ponds to Afa, 
tlie Magnesinni Standard is got by mnltiplying tbe As 
figure by 0 3200. 


Procedure B 

In tbe case of ores insolnble in acids, e g tbe silicates, 
tbe agated ore — 6 giam — is fused in a platinum 
crucible witb 5 grams of about equal parts of pure 
NagOOg and E^COg Stould tbe ore be suspected to 
contain anytbing deleterious to Pt, eg S, As, etc , it 
13 first treated as in Procedure A, witli acid, tbe 
Solution kept, and tbe ignited residue tben fused Tbe 
fused mass is leacbed out in a porcelain disb (4 to 6 
incbes in diameter) witb bot water, tbe ciucible being 
finally extracted witb about 5 c c pure HCl, and 
policemanned Take care to covei tbe disb witb a 
clock-glass wben adding acid Wben tbe mass bas 
been mostly dismtegrated, pure HCl is cautiously 
added till no furtber effeiwescence is seen, 5 c c in 
excess added, tbe clock-glass wasbed in, and tbe wbole 
evaporated to comiDlete drynesa on a water batb, and 
tben place d in a water oven till no pungent fumes can 
be smelt, tbe residue being gently broken up witb a 
stout glass rod Add 10 c c pure HCl, and repeat tbe 
drying procesa Add a furtber 10 cc pure HCl, 
50 c c of bot water, and beat till all is in solution save 
tbe S 1 O 2 Allow to settle, filter tbrougb a 9 cm or 
12^ cm fine paper, andu&aajr witb bot 

water into a 600 c c 

tbe filtrate froin tbe»' fijfSt^featment witlT^mdr^Tbe 

% ^ ^ ß R A R Y )- 
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magnesiiim is now all in soliition and Proceduie A luay 
noTV Le followed fiom Pass a stieain of HgS 

Procedure C 

In cases wLere small amounts only of Mg occiu, two 
giams of oie may Le taten, tLe ore decomposed Ly 
acid, or if necessaiy Ly fusion, and tLe aLove pio- 
cedure followed 


MANGANESE 

TLe cLief ore of Manganese is Pyrolnsite, tLe Llack 
oxide Sp gr 4 8 , Lardness 2-2 5, and streak Llack 

Procedure A 

In tLe case of good ores weigL 0 5 gram into a 
250 c c Leaker flask, add 6 c c pure HNO 3 and take to 
dryness Add 10 c c pure HCl, and Loil till notLing 
remains Lnt siliceons matter Dilnte to aLont 100 c c 
and separate Iron Ly tLe acetate metLod as descriLed 
ander Iron, Procedure C,” filtermg into a 750 cc 
conical flask TLe filtrate from tLe first precipitation 
IS treated witL 3 or 4 c c of Lromine, and allowed to 
stand in a warm place some five or ten minutes Lefore 
tLe ammoniacal solution is filtered into it WLen tLe 
Iron precipitate is finally wasLed, dilnte NH^HO is 
cantionsly added till all tLe Br is taten up, and an 
escess is present TLe assay is LrongLt to tLe Loil, 
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and allowed to settle It is filtered ttrougb. a 12| cm 
fine papei, and waslied two oi tliree tinies with liot 
watei It IS tlien waslied back into 250 c c beakei 
fiask, 10 c c of ptiie HCl aie warnied up in tbe flask 
from wbicb tbe Mn was filteied, and poured slowly 
over tbe opened paper. Let tbe paper stand tbus for 
two or tbree mimites, wben it may be wasbed free 
from Mn witb bot water Tbe solution is boiled down 
to abont 100 ^ c , and a sligbt excess of pure !N'aaC 03 
added It is tben boiled for five minntes, allowed to 
settloj and filtered tbroiigb a 12} cm fine paper, and 
wasbed free from Na salts It is dried and ignited 
in a weigbed porcelam or silica crucible, and wben 
cold, weigbed as MngO^ Factor for Mn is 7206 
Log of factor 1 85764 

Tbe above procednre gives tbe total amount of Man- 
ganese in an ore Wbere tbe amount of Mn occurrmg 
as MnOg is reqniied tbe following metbod may be 
followed 

Procediive B 

Dissolve in a 400 c c conical flask one gram of pure 
Iron wire, or 5 giams pure FeS0^7H20 in 100 cc 
dilute H3S0^(4H20-1H2S0^) Wben dissolved add 
0 75 gram of tbe agated sample, and warm gently till 
all tbe black Mn02 is seen to be dissolved Cool tbe 
assay, and titiate it witb a standaid solution of 
KaCrgOy, as described under “ Iron, Procednre A 
Tbe result of tbe titration indicates tbe amount of Iron 
unoxidized by tbe Mn02 Tbis amount subtracted 
from tbe total amount of Iion used gives tbe Iron 
oxidized by tbe MnOg Tbis amount multiplied by 
7768 gives tbe MnOa in tbe sample For example 

E 
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1 0000 gram Ee wire used 
0 1600 ,, ,, lemains unosidized 

0 8500 ,, ,, oxidized by 0 75 giams üiü 

0 85x0 7768=0 65028 giams MnO^ 

0 65028-0 75x100=86 70% MnO^, or . 

6 grams FeSO^ IHgO used eqiials 
5x0 2014=1 0070 giams Fe 

0 1670 „ ,, imoxidized 

0 85 3 , 3 , oxidized 

=86 70% M 11 O 2 


Procedure C 

In pooi or coniplex 01 es, take fiom 3 to 6 giams, place 
in a 250 c c beaker flask, and take to dryness witli 
15 c c HNO 3 Take np with. 20 c c puie HCl, and 
boil for ten minntes If tbe ore is not attacked by 
acids, lesoit is niade to fnsion, 01 in tlie rase of 
Wolfram, tbe agated poriion is digested witb. 20 c c 
of 30% NaOH solution in a 250 cc beaker flask, on 
tbe bot plate till it assuines a syiiipy consistency It 
IS tben carefnlly dilnted to abont 100 c c wilb water, 
2 drops 40% formaldebyde added, and boiled for two 
mimites Allow to setile, Alter and wasb Wasb 
back tbe ppt and lesidiie into tbe beaker flask, add 
10 cc pure HCl, and 5 c c puie HNO^, pounng 
tbem over tbe paper Boil till iiotbing remains biit 
siliceotis matter, Alter and wasb into a 300 c c conical 
flask Now proceed as in Procedure A to ppt Iron, 
etc , as basic acetate, and so on 
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MEECUEY 

Tlie cliief source of Mercury is the red siilpliide 
Cinnabar of sp gr 8-8 2, liardne^s 2-2 6, and streak 
scarlet 

ProceduTe A 

Mix in an agate mortar 0 5 gram of tte sample witli 
2 grams Na^COg and 2 grams of iron scale Transfer 
to a porcelain or silica crucible of some 40 c c 
capacity, wasb ont ” tlie mortar witb aboiit a gram 
more of iron scale, and brnsli it into tbe cincible to 
form a layer on lop On tbe crucible place a gold 
coyer Imagine a round flat piece of gold of such, a 
size tbat its edge piojects 3 iist over tbe ciucible wben 
placed on it Tbis is given a depiession in tbe 
middle, wbicb extends neaily to tbe edge of ibe 
crucible inside, and tbe rim tbus made is somewbat 
elongaled at one point to foim a bandle foi grasjnng 
ifc yutb tongs Eill tbe depiession witb cold distilled 
water Place tlie wbole over a small flame wbicb will 
koep tbe ciucible beated below redness, for ten 
nimutes Test tbe temperatiue of tbe water occa&ion- 
ally witb tbe finger, and wben it beconies warm, 
remove it witb a pipette, and immediately replace it 
witb cold water, so tbat tbe gold cap is kept always 
cold Mercury is sublimed on to tbe gold Eemove 
ibe beat, caiefully pour away tbe water, wipe tbe cap 
dry carefully yitb Alter paper, botb in tbe depression, 
and, if necessary, tbe mercury coating Do not rub 
tbe Mercuiy, ]ust dab it ligbtly Place in a desic- 
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catoi foi a few minutes and weigL. wLen cold 
Sublime tbe Meicuiy ovei a small flame, allow io 
coolj and weigli tbe gold Tbe difteience gives Hg ou 
0 5 gl am of ore 

Test tbe residue by leplacing tbe cap, putting cold 
water in it, and beating again Any fiirtber Hg is 
added to tbe first weigbt 


i MOLYBDENUM 

I Molybdenite, siilpbide of Molybdenum, is ibe cbief 

II souice of Molybdenum Sp gr 4 7-4 8^ bardness 

! 1-1 5, streak gieenisb-grey on porcelain Anoiber 
' mineral is Wulfenitej molybdate oi leaa 

Procedure A 

j[] In cases of ncb samples of Molybdenite weigb 0 5 gram 

' of tbe sample into a 250 c c beaker flask, add 0 3-0 4 

I ' gram of Potassium Cblorate, and 20 c c pure strong 

S HNOg, and place on a sligbtly warm place, covered 

|| witb a watcb-glass or lid, and constantly blow gently 

j out tbe oxide of cblorine formed to pievent explosion 

I , of tbe gas Continue tbus till brown fumes begin to be 

j i evolved, wben tbe assay may be moved to a warmer 

I ' part Wben spontaneous action bas ceased, boil tbe 

' assay gently, sbaking tbe beaker around occasionally 

' Boil down to about 6 c c and allow to cool Add 

jj 60 cc of distilled water, and 2N Na^COg till alkaline 

i 1 and 15 c c in excess Boil till all tbe wbite oxide of 

[ I Molybdenum is dissolved, allow to settle, filter tbiougb 

a 9 cm , or, if mucb iron, etc , is piesent, a 12^ cm 

II' 

(f 
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fine paper into a 750 cc conical fiask, and wasli six 



tim es witli lioi ovaler AVasli back Llie piecipitate witli 
lebidue mto tlie beaker, add 5 c e pure strong HNO 3 
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aud about 0 05 giain Potassiuin Chloiate, and boil 
down neaily to dryne^s Take up witb 20 c c bot 
wateij add 21? NaaCOg again in bligbt excess, boil, 
allow to settle, and filter again into oiiginal filtrate 
AVasb at least six times, allowing eacb Avasb to sink 
coinpletely tbrougb Eendei tbe filtrate acid witb 
acetic acid, and add 5 c c in excess Tben add 10 
giams of amnioninin cbloride and 50 c c of a 20% 
bolution of animonmm acetate Bring tbe assay to 
tbe boilj and, wbile keeping on tbe boil, add diop 
by diop, fioni a buiette, excess of a solution of lead 
acetate (Eig 2) inade by dissolving 40 grams of tbe 
salt in distilled watei, witb 20 c c acetic acid, niaking 
up to a litre witb watei Tbe amount of lead acetate 
solution lequired may be lougbly deterinined if tbe 
iion, alumina, etc , and insoluble is collected, diied, 
ignited and weigbed, subtiact tbe percentage found 
fioni 100, and call tbe lest molybdenum sulpbide 
Tbis figure inultiplied by 0 6 gives tbe equivalent of 
molybdenum, and if eacb c c of lead acetate solution 
is taken as equal to 0 016 giam of Molybdenum, tben 
tbe calculation i& inade as folloAvs Suppose tbe oie 
giyea> 11 25% insoluble, tben iake 100“11 25, or 88 75% 
as Molybdemte and 88 75x0 6=53 25% as Molyb- 
denum, 01 5325 gl am in tbe sample Tben tbe 

amount lequiied is 5325-0 01=53 co Add 3 cc 
in excess, and continue boiling foi ten minutes, wben 
tbe precipitate sbould rapidly settle Wben coin- 
pletely settled filter off tbiougb a 12] cm fine papei, 
keeping tbe precipitate bebiiid in tbe conical fiask, 
and wasb it six times by decantation witb bot watei 
Tben tbiow on tbe paper, and waJi entiiely from 
dibsolved salt Diy tbe ppt. completely, and ignite 
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wiHiout separatmg from tlie papei in a smooth. 
poicelain or silica crucitle If the lead molybdate 
i& piopeily wasbed and dried it will brusb easily 
fiom the ciucible, bnt if prefeiied, the cmcible can 
be weighed before igniting The ignition is pei- 
formed first at gentle heat, then incieased to a dnll 
led, and continued so till the molybdate is a pale buff 
colour The factor for Molybdenum is 0 2616, log 
141260 The figuie usually leturned in the case of 
Molybdenite, however, is the peicentage of MoSj, 
which IS got by dividing the Molybdenum figure by 
0 6, or direct from the PbMoO^ figure by multiplying 
it by 0 4358 

Procedure B 

In the case of siliceous oies cairying but little Molyb- 
denum, 3-5 grams is taken to dryness in a 250 c c 
beaker fiask with 10 c c puie HNOg, and a little (say 
0 1 gram) KClOg It is taken up with 20 c c dilute 
HgSO^ (^1) boiled to about half bulk Dilute 
with water to 50 c c , boil, allow to settle, filter 
through a 9 cm or 12^- cm fine paper, and wash well 
with hot Weller into a 500 c c conical fiask Add 
dilute OH till a slight ppt foims, clear with 
]Ubt eiiough dilute HaSü^, biing the bulk up to 400 c c 
and pass a stream of HgS into the solution ±oi one 
houi Shake the assay Yigoiously for two oi three 
nimutes, aiul allow to stand on a warm part foi half 
an hour When the ppt is seilled, and the solution 
cleai, filiei it off thiough a 12-^ cm fine paper, and 
wash with hot HjjS water till fiee fiom iron, etc 
Wash the ppt back from the paper, add 20 c c of a 
50% (NllJaS bolution and allow to digest for ten 
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minutes on tlie liot plate Dilute to 40 cc., allow to 
settle, and filter tlirougli the same papei into a 300 c c 
conical flaskj and wasli witK hot water with a 6% Solu- 
tion of (NHJgS till colouiless solution comes through 
Eender the filtrate ]ust acid to litmus with dilute 
pass H^S again for twenty minutes^ allow to 
settle on a waim part for twenty minutes Eilter 
through a 12^ cm fine paper, and wash with H^S 
water once or twice Wash the pj)t hack into the 
flask, pour ovei the opened paper lU c c pure HNOg, 
wash it in, and boil down till but 2 or 3 c c reniain 
Dilute with watei to 20 c c , add a slight excess of 1-1 
NH^HO, boü, allow to settle, and filter off through 
a 9 cni, fine paper into a 300 c c conical flask If 
there is no ppt , but meiely fused sulphur, it is 
unnecessary to dissolye and lepiecipitate If Iheie 
IS a ppt it IS best to dissolve and reprecijiitate Wash 
it back, dissolve in sufficient HNO3, biiug to the boil, 
and reprecipitate the PbMoO^ as in Procedure A, but 
in this case 5 grams of NH^-Cl and of NH^OaHgOa will 
be enough 


NICKEL 

Ab with Cobalt, Nickel occurs as ai'benide, Kupfeinickel 
of sp. gr 7 3-7 7, hardness 6-5 5, stieak brownibh-LlacIc 
Anotlier soiirce is a silicate, Garnienie of sp. gr 

2 4, liardness 3 4, streak greemsli-wkile, aad otlier 
silicates 

Procedure A 

Tlie piocediue for Nickel oies is tlie same as for CoLali 
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ores The nickel remains in solntion when Cobalt is 
precipitated as the double nitiite This solution is 
boiled in a 400 c c conical flask^ and a slight excess of 
a strong solution of KOH added It is boiled again 
for fiye minutes, allowed to settle, and filtered o£E 
through a 12^ cm fine paper, the ppt being retained 
as far as possible in the fiasb, and washed six times by 
decantation with hot water. It is then washed on the 
papei till free fioin dissolved salts; dried, and ignited, 
and weighed as NiO Factor for NiO 7867, log of 
factor T 89581 

Procedure B 

Should there be any residue suspected to contain Ni 
after acid treatnient of the ore, it should be collected, 
dried, ignited, and fused in platinum with thiee times 
its weight of Na 3 C 03 , dissolved out, acidified with jiuie 
HCl, taken to dryness taken up with puie HCl, boiled, 
diluted, filteied, and washed into the filtiate from the 
acid treatment, and Proceduie A followed 


PHOSPHORTJS 

Apatite IS Phosphate of Lime Sp gi 3 1-3 2, hard- 
ness 5, and stieak white Phosphorus occurs in very 
many rocks in small quantities 

Procedvre A 

In very puie samples of Apatite weigh 0 5 giam into 
a 400 c c conical flask, add 10 c c pure HCl, and boil 
gently down to a syrupy consistency, add 5 c c of the 
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btock sodium acetate aud Acetic Acid solution (see 
'' Arsenic, Piocedure A and 150 c c water Bring 
to tlie boil, and titrate, boiling in tte saine way as in 
^^Arsenic, Procednre A” The Standard sohition of 
TJianmin Acetate is made by dissolving 35 grams in 
water witb 25 c c CH 3 CÜ 2 H and making np to a litre 
Standaidize it witli pme Na^HPO^ I 2 H 2 O Weigli np 
2 3097 grams of tbe cleaiest ciystals into a 400 c c. 
conical flask, dissolve in water, add 5 c c Sod 
Acetate and Acetic Acid solntion, make tbe bulk to tbe 
same as tbe above assay, and pioceed as tbere desciibed 
Tbe amount of Pbospborus in tbe Standard is 0 2 gram, 
and sbonld reqnire 40 c c Uraninm Acetate 

Procedure B 

In complex 01 es and tbose containing bnt little P, 
wbicb aie decomposable by acids, take from 3-5 grams, 
place in a 250 c c beaker flask, acid take to diyness 
witb 10 to 15 c c HNO 3 Take iip witb 20 c c puie 
HCl, and boil foi ten minutes Dilute to abont 40 c c 
and Alter tbrongb 9 cm fine paper into a 400 c c 
conical flask, and wasb well witb bot watei Add l-I 
NH^HO to tbe filtiate till a ppt begins to form, and 
]nst clear it witb jinie HCl Tbrongb tbe bot solntion 
pass a stieam of "Kß to complete satniation Bring tbe 
assay jnst to tbe boil, allow to settle, and filter tbrongb 
a 12 i cm fine paper, and wasb witb bot water, 
acidified witb 3 or 4 diops of pnie HCl per 100 cc , 
and coniaining H 2 S in solntion Boil tbe filtrate free 
from HgS, oxidize witb HNO 3 , till no fnidber darkening 
occnrs, add a c c or so in excess and boil again for fiye 
minntes Precipitate tbe Ee, etc (wbicb will cany 
down tbe P) as basic acetate as in Iron, Procednre C 
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It IS leprecipitated witli NH^HO as tliere described, 
and waslied It is tlien waslied into a 250 c c beaker 
flask, 01, if too bnlky, into a 400 c.c conical flask, 
sufficient HNO 3 IS poured over tbe paper into tbe flask 
to dissolve tbe ppt (witb tbe aid of beat), and tbe bulk 
lediiced by boiling to some 60—70 cc It is cooled to 
85° F , and 30 c c of a solution of Ammonium 
Molybdate is added, tbe assay tborougbly sbaken, and 
allowed to stand at about 85° for one bour If a 
somewbat large excess of HNO3 is present, it sbould be 
neutralized witb I-INH^HO, and tbe solution just 
cleaied witb IINO3 Tbe (NHJ2II0O4 is prepaied by 
dissolving 50 grams in 100 c c 1-lNH^HO Tbis 
solution IS cooled, and pouied slowly into 375 c c of 
I-IHNO 3 , sbaking tbe mixture tbe wbile Tbis is 
cooled to 100m temperature, made iip to 500 witb watei 
It IS allowed to stand oveinigbt and is filteied before 
use 

Tbe assay is filteied off tbrougb a 9 cm fine paper, and 
Avasbed witb wann water, adding 2 or 3 drops HITOg to 
eacb wasb Now transfei tbe funnel to a 400 c c 
conical flask, add 10 c c I-INH^HO to tbe vessel fioin 
wbicb tbe assay is filtered, and pour on to tbe funnel 
Wben tbis bas sunk tbiougb, it is wasbed eigbt to ten 
times witb bot watei ‘Now neutialize witb puie HCl 
and 5 c c in excess, add 5 giams NaCl, make tbe bulk 
to some 250 c c , bring to tbe boil, and add a stiong 
solution of lead acetate till no fuitbei ppt foims, tben 
20 grams aiumoiiiuin aretate 13 oil foi some ten 
niiiiutes, allow to settle, filtei tbiougb a 12^ cm fine 
paper, and wasb tboioughly witb hot water Drj and 
ignite in a j)orcelain or silica crucible Cool and 
weigb. Tbe substance weigbed is PbMoÜ^ To cab 
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culate to equivalent of P, luultiply tlie weiglit Ly 
0 007 Tlie factor for P^ into PgO^ is 2 28866 Log of 
factor 0 35958 

Frocedure C 

In tLe case of oies not decomposaLle by acids, tlie 
lesidue after nsnal treatnient with acids is dned and 
ignited and fnsed witli Na^COg, tlie silica lemoved 
as directed under Silicon, Procedure and tLe 
estimation pioceeded witb as in Procediue B 


POTASSIÜM 

Tliere are niany silicates of Potasli, e g OrtLo- 
clase^ &p gr 2 5, liardnesa 6-6 5, stieak nncoloured 
Mnscovite, sp gr 217-3, Laidness 2-2 5, streak 
nncoloui ed Tlie cliloride occnrs in Sylvine, sj) gr 
1 97, Lardness 2, streak wLite, and in Caiinalite 

Frocedure A 

In tlie case of msolnble silicates, proceed Ly tlie 
'' Lawence-Sniitli nietliod, as descnbed under 
Sodium The diffeience Letween the weight of the 
mixed chloiides and that of the NaCl found gives the 
weight of ECl^ Factoi for KCl into KO is 0 6317 
Log of factor T 80051 


1 
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SILICON 

Silicon occnrs abundantly as its oxide SiOg, Qnartz of 
sp gr 2 6, liardness 7, and streak wliite, while tlie 
.Silicates of vaiions nietals also occnr in great qiiantity 

Procedure A 

If it IS desired to ascertain tlie pnrity of a good 
specimen of qnartz, it may be evapoiated witb HF, 
and tbe residne weiglied 

Into a weigked small platinum capsule weigb. 0 20 
gram of tlie sample, wbich bas been veiy finely agated 
Add about 6 c c pure HF, and one drop of pure H^SO^ 
Evaporate as dry as possible on a water-batb, tben 
warm gently over a flame, and finally ignite, finisbing 
for five minutes oyer tbe blowpipe Repeat tbe HF 
and HgvSO^ evapoiation, and ignite again Weigb 
Add furtber HF and HgSO^ and continue till tbere is 
no more loss in weigbt A blank evaporation of HF 
and done, on tbe sanie quantities, and any 

lesidue allowed for m tbe assays Tbe loss in weigbt 
giyes tbe amount of SiOg in 0 2 giams of sample 

Procedure B 

Some Silicates are decomposed by acid, and a gram of 
tbe agated sample may be weigbed into a 250 c c 
beaker flask, and taken to dryness witb 10 c c pure 
IINOg and taken up witb 20 c c pure HCl, and taken 
to dryness agam, and tboroiigbly baked Pure HCl is 
again added, say 10 c c , tbe assay broiigbt to tbe boil 
for five minutes, and 40 c c bot watei added, and tbe 
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assay again boiled, allowed to settle, filtered, and 
tliorougÜy waslied It is driedj and ignited before 
tlie blowpipe, in a weiglied pldtinum oi poicelam 
crncible, and weigbed wlien cold as S 1 O 2 Eactoi, if 
reqniied for Si, 0 4702 Log 1 67228 

Procedure C 

In tbe case of silicates not decomposable by acids, 
0 5 gram or 1 gram of tlie agated sample is tieated witli 
acid, if snspected to contain snlpbides, and tbe residue 
filteied and wasbed, and ignited in a platinum crucible 
It IS tben fused witb fonr or five times ita weigbt of 
abont eqiial parts of NagCOg and EgCOg Tbe beat is 
applied gently at first, and wben all is molten, tbe beat 
IS increased, and finally tbe blowpipe applied for ten 
minutes Tbe fnsion is occasionally examined to see 
tbat all paiticles of tbe sample are inclnded, and if 
necessary tbe mass is gently swnng around to wasb 
down any untoncbed particles Wben fused, tbe melt 
IS allowed to become quite cold, and is tben placed in 
a 250 c c beakei fiask, tbe crucible lying on its side, 
and ]iist covered witb water, and boiled out Tbe 
crucible is removed, and carefiilly wasbed in witb bot 
watei, and jiolicemanned out Tbe solution is 
transferred to a 4 or 5-incb porcelain disb, tbe beaker 
caiefully wasbed in and “ policemanned,^’ and -pTive 
HCl cautiously added till effervescence ceases, and tben 
5 c c in excess, and tbe asasy evapoiated to complete 
dryness, finisbing in tbe oven till no Suggestion of acid 
can be smelt It is taken up witb pure SCl till 
tborougbly moist, and again taken to complete diyness 
Add 10 c c pure HCl, and bring to tbe boil, iben 60-70 
cc bot watei, and boil again foi fivc minutes Allow 
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to settle, filter tHrougli a 12 ^ cm fine paper, and wash 
tliiee times by decantation witb bot water, and finally 
on tbe papei till fiee tiom cbloiides Be caiefiil finally 
to policemau ont tbe disb quite clean o± any adbeiing 
particles of S 1 O 3 Dry, and ignite strongly. in a 
weigbed platinnm or silica ciaicible, and wben cold 
weigb as RiO^ 


SILYEE 

An important sonrce of Silver is Galena, wbicb is 
never found entirely free from it Native Silvei is 
also common Horn Silver is a natural cbloride 
Fablerz also carnes Silver 

Tbe diiections in tbe case of Gold ores generally apply 
to tbe assay of Silvei ores Wbere tbe ore is an 01 e 
of Silver (and not of Gold and Silver), tbe yield is 
generally so bigb as to favour tbe scorification assay 
Take fiom 3 to 6 grams of ore, about 50 grams Pb, 
and NagCOg about 3 giams foi a quaitoze ore, 01 boras 
3 grams for a metallic gangue witb tbe same of 
powdered glass for an 01 e witb little or no SiOg Mix 
tbe ore witb half tbe Pb, spiead tbe lest of tbe Pb 
on tbe top in tbe sconfier, and put tbe NaaCOg or 
borax on top Wben scoiified, pour as in tbe gold 
assay If tbe button of Pb weigbs over 30 grams 
scorify it again Tben cupel Silvei is easily lost in 
cupellation by absoiption in tbe cupel Tbe slag 
from tbe scorification is powdered, mixed witb 
litliarge, 20 grams, boiax 5 giams, and two giains of 



80 MINERAL ANALYSIS 

flour, riin down in a crucible, and tte bntton 
cupelled 

Tbe metliod of deteimining loss of Silver on cnpella 
tion IS done by cupelling alongside tbe oie assays 
buttons of lead of tbe same weigbt, and containing tbe 
same amount of Silyei* Antimony and copper will 
cause loss of Silver, loss is small in tbe case of 
Antimony and largei in tbe case of copper A 
bntton of lead cariying appreciable Cn sbonld be 
scorified again 

Wben assaying oies of Silver carrying a beavy per- 
centage of Cn, a wet metbod of separating most of 
tbe Cn IS often employed. Place 6 grams of tbe 
sample in a 400 c.c beaker flask and add to it 30 c c 
of 1-1 pnre HNO 3 Allow to simmer on tbe wann 
plate till no fnrtber biown fnmes aie evolved Dilnte 
witb distilled water 300 c c and add pnie HCl till no 
fni^tber precipitate forms, and a sligbt excess Stir 
vigoronsly witb a glass rod, and allow to settle com- 
pletely (if necessary, overnigbt) Decant off tbrongb 
a medinm fine 12 ^ cm paper, wasb tbe precipitate 
and lesidne on to tbe paper, and wasb once or twice, 
nsing a drop or two of pnre HCl in tbe watei Dry 
tborongbly, brnsb off as mncb as povssible f 10111 tbe 
paper and ignite tbe paper Add tbe asb to tbe rest, 
and scorify Ores carrying little Silver may, if snit- 
able, be fnsed as Gold ores in tbe pot assay 
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SODIUM 

Coromon salt is tlie most common mmeral of Sodium 
Cliili Saltpetre occurs abundantly, and tbeie are many 
Silicates of Sodium 

Procedure Ä 

In domg an analysis of Salt, tlie moisture may be 
done on 10 or 20 grams in a platinum disb, being 
dried for an liour in tbe water oyen It may tben 
be passed fairly rapidly over a Bimsen flame to raise 
tlie tempeiature somewbat above 100® C , but 
distinctly below redness Cool in desiccator and 
weigb The Sodium figure is got by difference, 
after estimating impurities 

Tbe sandy insoluble matter is determined by dis- 
solving 10 grams in 50 c c hot water with 5 c c puie 
HCl Filter through a 9 cm fine paper into a gradu- 
ated 50 c c flask, and wash well Dry and ignite the 
paper, and weigh 

The lime is determined on the filtrate from the above 
which IS made iip to the mark in the cold Take half 
=5 grams Add 10 c c. I-IHH^HO, and 0 5 gram 
Ammonium Oxalate, and boil for twenty minutes 
Filter through a 9 cm fine paper and wash well with 
hot water Diy and ignite, and weigh as CaO 
Boil down the filtrate to some 200 c c,, cool, add 5 c c 
88 ONH 4 HO and 0 5 gram of Sodium Phosphate 
Allow to stand overnight Filter through a 9 cm 
fine paper, and wash with' cold water containmg 1-1 

NH^OH, and dry and ignite in porcelain or silica, and 

p 
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blowpipe ttoroughly to Calculate to MgO 

Factor 3604 Log of factoi 1 56678 
Determine tlie S in tlie otber balf of tlie 500 c c , by 
adding a saturated solution of Bai mm Cblonde to tbe 
boiling solution till no more precipitate forms Boil 
for twenty minutes Allow to settle for an bour 
Filter tbrongb a 9 cm fine paper, wasb tborougbly 
witb bot water, dry, ignite, and weigb as BaSO^ 
Factor for SO, 0 3427 Log of factor 1 63491 
To estimate Oblorine dissolve 0 5 gram of tbe sample 
in about 100 c c of water in a porcelain basin, and 
titrate witb a Standard solution of AgNOj Tbe solu- 
tion IS tborougbly stirred during tbe slow addition 
of tbe Standard solution Tbe indicator is 0 6 gram 
of KgCrO^ in 100 c c of water, and 10 c c is added 
before titration Tbe finivsb is indicated by a reddisb 
fiusb persisting after vigorous stirring Tbe Standard 
AgNOg solution is made by dissolving 23 94 grams in 
water and making up to a litre Standardize tbis 
witb pure KCl Weigb up 0 5 gram, and dissolye 
and titrate as tbe assay was done 0 6 gram KCl con- 
tains 0 2377 gram CI From tbis and tbe number of 
c c required, tbe Standard may be calculated Tbe 
difference between tbe sum of tbe above determina- 
tions and 100, gives tbe percentage of sodium in tbe 
sample 

Procedure B 

In dealing witb Sodium minerals not soluble in 
water or acids, eg silicates, tbe Lawrence Smitb 
process is used It is as follows Agate one gram of 
tbe sample, weigb it up, also one gram of pure NH^Cl, 
and lyiix ibem mtimately in a large agate inortar 
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jSTow weigli 6 giaiiis of pure CaC 03 , and mix witli the 
sample and NH^Cl in tlie agate moi*tar Tiansfer tte 
mixluie to a piece of liiglily glazed clean while paper, 
riib around tbe mortar with. two snccessive grams of 
pure CaCOg, and add to that on the paper Now give 
tlie wbole a mixing witli a clean spatnla, and transfer 
it to a platinnm crucible Tap it gently to settle tbe 
masSj and cover it witb a platinnm lid Place ovei 
a small flame till no furtber NH^Cl is evolved, 
increase tbe beat to good redness, and continne so for 
an bonr Allow to cool, dislodge tbe inass fiom tbe 
bottoin of tbe crucible, and transfer it to a 250 c c, 
beaker flask, wasb ont tbe crucible witb bot water, 
and boil foi ten minutes Filter ofp tbrougb a 12^ cm 
fine paper into a 300 c c conical flask, and wasb well 
witb bot water To tbe filtrate add 2 grams pure 
(NHJaCOg, and boil for ten minutes, taking care tbe 
assay does not frotb over Add 2 c c 
and boil again for five minutes Allow to settle and 
filter tbrougb a 12 ^ cm fine paper into a 300 conical 
flask, and wasb well witb bot water Boil down tbe 
filtrate to about 60-60 c c and transfer to a weigbed 
platinum disb Eyaporate to dryness in a water batb, 
and dry for an bour in a water oven ITow cover 
witb a clean clock-glass, and place over tbe smallest 
flame If any decrepitating occurs, remove tbe beat, 
and replace in tbe oven for balf an bour Ignite 
again, and if no furtber decrepitating occurs, con- 
iinue gently till no more dense fumes of HN^Cl evolve, 
tben, beat all over till incipient fusion Cool, in a 
desiccator, and weigb quickly Tbe disb contains tbe 
Rodiuin, and any potassium in tbe sample, botb as 
cblorides Tbe cblorides aie dissolved out of tbe disb 
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with water and tlie solntion transferred to a porcelain 
dislij and thorouglily waslied in The bulk is made 
np to aboiit 100 c c , and titiated as in Piocedure A 
with AgNOa Eroni tbe weight of CI fonnd by titra- 
tion its peicentage in the mixed chlondes is found 
Tlie percentage of CI in NaCl is 60 62, in KCl it is 
47 54, so that the percentage fonnd is either one of 
these fignres, in tbe case of its being either pure NaCl, 
or pure KCl, or, if not, then somewhere between them, 
appioaching the higher flgure as the NaCl prepondei- 
ates, and the lower one in the case of more KCl. 
Each per Cent of CI in excess of 47 64 represents 
7 63% of NaCl in the mixed Chlorides The factor 
for NaCl mto Na is 0 3931, log of factor 1 6944 The 
lesult usually returned is “ soda,^^ NagO The factor 
for NaCl into NagO is 0 5302, log of factor 1 72444 


STRONTIUM 

Celestine is a sulphate of Strontium of sp gr 3 96, 
hardness 3-3 5, and streak white vStrontianite is a 
carbonate, sp gr. 3 68, hardness 3 5-4, and streak 
white 

Procedure A 

In the case of the sulphate, fuse 1 gram of the 
sample in a platinum crucible with 6 grams of a 
mixture of Na^COg and KgCO^, and extract with hot 
watei in a porcelnin dish, neutralize with pure HCl, 
add 6 c c in excess, and take to dryness on the bath, 
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finish for lialf an lioui in the oven Take up with. 
10 c c pure HCl, biing to tbe boil, dilute to 60 cc. 
witli hot water, boil again, allow to settle, filter off 
any SiO^ througb a 9 cm fine paper into a 300 c c 
conical flask, and wash well witb bot water. Pre- 
cipitate sulpbides of metals of Group 2 witb HgS, 
filter and wasb tbem. Eemove Iron and Alumma as 
basic acetates as descnbed under Iion, Procedure 0 ” 
Äny* Manganese la separated witb Br from tbe filtrate 
as descnbed in Analysis of Wolfram^’ To tbe 
filtrate from Mn, if any, add 10 c c 1-lNH^OH, and 
excess of (NHJ^COa Sbake very tborougbly and 
allow to stand for two bours Filter tbrougb a 
12^ cm fine paper, and wasb witb cold water contain- 
ing 1 c c NH^OH per 10 c c of water Wasb back tbe 
ppt into a 250 c c beaker fiask, dissolve in just enougb 
pure HOI, add excess of 1-lNH^HO, acidify witb 
CHgCOaH, and ppt any Ba witb a 6% solution of 
KaCrgOy Filter it off tbrougb a 9 cm fine paper, 
and wasb witb a 10% solution of Ammonium acetate 
into a 760 c 0 conical fiask. Biing tbe bulk to some 
600 c c Make it just alkaline witb 1-lNH^HO, add 
60 grams puie (NHJaSO^j, and boil down to two-tbirds 
tbe bulk Allow to settle, filter tbrougb a 12|- cm fine 
paper, wasb witb a 10% solution of (NHJaSO^ Wasb 
finally five or six times witb alcobol, dry, and ignite 
in tbe paper in a silica crucible, and weigb wben cold 
US SrSO^ Tbe factor for Sr is 0*4770. Log* of factor 
1 67852 
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SULPHUR 

Tlie cliief ore of Snlpliiir is Iiön Pyrites^ sp gr 
4 9 - 5 1 , liardness 6-6 6j atreak greenisli-black It 
occuis native in volcanic distncts in somo qnantity 

Procedure A 

In tlie case of good samples of Pyrit es 0 5 gram of tlie 
oie IS treated in a 260 cc beaker flask witb 20 oc 
of pme HNOg Tliis is added slowly, so tliat spon- 
taneous action sliall not be too violent When it bas 
ceased, tbe assay is allowed to digest slowly till no 
inore brown fnmes are seen It is cooled, and abont 
0 1 gl am pure KCIO3 addedj and warmed again 
cautionsly Wben no more gieen fumes come off^ it 
IS slowly boiled down to a paste^ cooled, and 20 c c 
pme HCl added, and two or tbree drops of Bromine 
It is allowed to stand on a warm part for ten minutes, 
and tben boiled dow to balf bulk All sbould now 
be in solntion biit siliceons matter If any globiiles 
of snlpluii are observed, add more broniine, 10 c c 
puie HCl, and allow to stand again Boil again to balf 
bulk Dilute witb bot water to 100 c c , add a sligbt 
excess of pure 1 -lNH^HO, and boil for tbree minutes 
Allow to Bettle, and filter tbrougb a 12 ^ cm fine paper 
into a 600 c c conical flask, and wasb six times wiib 
bot water Invert tbe funnel, and wasb off tbe ppt. 
into tbe beakei flask, dissolve in just enoiigb pure 
HCl, bring to tbe boil, add a sliglit excess of 
1-lNH^HO, allow to settle, and Alter tbrougb tbe 
original papei into tbe firjat flltrate Wasb six or 
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eigh-t times Rendei tlie filtrate acid to litmus, avoid- 
ing any but small excessj witb. pure HCl, bring to tbe 
boilj and add a bot saturated solution of BaCI^ till 
no furtber ppt is formed, 13oil carefully for tbirty 
minutes, and allow to settle for an bour. Pilter by 
decantation tbrougb a 12 j cm fine paper, and wasb 
tbree times by decantation witb bot water Qet tbe 
ppt on tbe paper, and wasb free from cblondes Dry 
at 100° C , detacb most bf tbe ppt from tbe paper 
on to a clean clock-glass, ignite tbe paper in a silica 
or porcelain crucible, add tbe ppt , and ignite at a 
dull red beat till wbite Wben cool, weigb as BaSO^ 
Factor for S=0 1373, log of factor T 13779. 

Procedure B 

In tbe case of insoluble minerals, e g Gypsum, 
Sulpbate of Calcium, Barytes sulpbate of Barium, 
etc , 0 6 gram of agated sample is fused in a platinum 
crucible witb 3 grams pure NaaCOg, gently at first and 
finally very strongly for tbirty minutes Wben cold 
it IS boiled in a 250 c c beakei flask witb water Tbe 
insoluble caibonates lemain, and sodium sulpbate 
goes into solution ßemove tbe crucible, wasb it well 
witb bot water, boil till tbe fused mass is broken up, 
and filter into a porcelain disb of some 300 c c 
capacity, and wasb well witb bot water Acidify tbe 
filtrate witb pure HCl, placing a clock-glass over tbe 
disb to prevent loss by effeivescence, and add 10 c c 
111 excess Wasb in tbe cover and evaporate to dry- 
ness on tbe water-batb till no pungent acid can be 
smelt Add 10 c o puie HCl, biing to tbe boil, add 
about 60 or 70 c c bot water, boil for ten minutes, 
allow to settle, and filter off SiOa tbrougb a 9 cm or 
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12| cm fine paper into a 500 c c conical fiask, and 
wash. thoronglily wiih. liot watei Tte filtrate is ready 
for precipitation as in Procednre A with. Barium 
CMoride 

Procedure C 

In tlie case of oies carrying only about 10% take 1 gram, 
or tkose witk less 2 giams, and take to dryness m a 
250 c c beaker flask witk about 0 1 gram pure KClOg, 
and 15 c c pure HNOg, take up witb 20 c c pure HCl, 
and proceed as in Procedure A 


THORIUM 

Tkorianite, an oxide, kas a sp gi of 8-9, kardness 7 
Tkorite is a silicate of sp gr 4 5, kardness 4 5 
Tkorium is also found in Monazite sand, a pkospkate 
of metals of tke ceiium group and tkorium Sp gr 
4 5, kaidness 5 Tke deteimination is done as follows . 
Ense 0 5 giam oi 1 gram of tke fully agated ore in 
10 giams pure fused KHSO^ for five minutes after first 
emission of fumes Allow to cool, and dissolve out tke 
fusion witk kot watei', and 10 c c puie HCl Boil for 
ten minutes, kaying a bulk of some 50 c c Allow to 
settle, filter and wask witk kot water tkrougk a 9 cm 
fine paper. Bring tke bulk to some 200 c c and add a 
sligkt excess of I-INH^HO, bring to tke boil, allow to 
settle, filter tkrougk a 12 5 or 15 cm fine paper, and 
wask out sulpkates Wask back tke ppt from tke 
opened paper, poni oyer it 10 c c pure HCl, wask. 
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Bring tlie solntion to tlie boil, and wben all is in 
solntion, dilnte to 200 c.c. with. cold water. Add 
30 c c of a satnrated solution of oxalio acid, cold. 
Shake thoionghly for fiye to ten minutesj and allow to 
stand oYernight. Filter through a 12^ cm fine paper, 
and wash with wann (60° 0 .) water Get all the ppt, 
on the paper, dry and ignite. Fuse the oxides in 
6 grams KHSO^, dissolve out in hot water and 10 c c 
pure HCl, boil till solution is complete, add slight 
excess 1-lHH^HO, biing to the boil, allow to settle, 
filter and wash through a 12 ^ cm fine paper free from 
sulphates Wash back into 750 c c. conical flask, add 
enough pure HCl to dissolve, but avoiding much excess, 
bl mg to the boil and add 4 grams pure ammonium 
oxalate Shake vigorously for five to ten mmutes, and 
allow to stand overnight Filter through a 12-^ om 
fine paper, wash with hot water containmg 2 c o puie 
HNO 3 per 100 c c Wash back ppt mto a poicelain 
basin with as little water as possible, and eight or ten 
times with hot sti ong HN O 3 Evaporate to dryness on 
the water bath, allow to cool, add 10 c c. pure HHüj 
(sp gl. 14) and 20 c.c fuming HHOa and cover with 
clock-glass Digest on the water-bath till action 
ceases and no brown fumes evolve Wash in the clock- 
glass, rinse down the basin with a little hot water and 
evaporate to dryness, meisten again with water and 
bring again to diyness. Take up with 20 cc hot 
water, and iransfer to a 250 c c beaker flask. Bring 
the bulk to 100 c.c., add 10 grams pui'e NH 4 NO 3 , and 
warm up to 80° 0 , and add 20 c.c 3% solution of H 2 O 3 
Filter off through a 12^ cm coarse paper, wash six 
times with n 2 % solution of HH 4 NO 3 Wash back the 
ppt , dissolve in l-lHNOg, transfei to a basin. 
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evapoiate to diyness, moisten witli water, dry again, 
add 100 c c 10% NH^NOg, and the Thorium again 
precipitated with H 2 O 2 , filtered and washed again with 
a 2% solution of NH^NOg, then dried and ignited and 
weighed, when cold, as ThOg Factor foi Th is 0 8790 
Log of factor 1 94399 


TIN 

Piactically all the Tin of commerce occurs as 
Cassitente, SnOg, sp gr 6 8-7 1, hardness 6-7, streak 
brownish to greyish. 

Procedure A 

In cases of pure or neaily pure samples of Cassiterite 
0 3 gram of the fuUy agated ore is fused in an iron or 
nickel crucible of 40 c c capacity with about 2 grams 
of Na^Oa When the mass is molten, it is gently swung 
around to mcorporate all the mineral, and maintained 
at a dull led heat foi two minutes The fusion is 
always carried out with a cover Allow to cool, wash 
the lid into a 400 c c beaker flask A.bout 50 c c cold 
water is placed in the flask, and the assay caiefully 
placed in it, and tilted over to allow the water to flow 
into the crucible The beaker flask is next covered 
TThen spontaneous reaction has ceased, the edge of the 
rrurible remaining above watei is washed, and the 
(lucible raised to the niouth of the vessel with tongs, 
and carefully washed with hot water into the flask 
The ciucible is iinsed with 5 c c puie HCl, and washed 



TIN 


91 


again into tlie vessel Pure HCl is now added until tlie 
soluüon IS clear, and any iion scale tliat is formed 
allowed to settle Tlie solution is decanted into a 760 
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Fig 5 

c c. round flat-botiouied flask througli a funnel witli a 
small packing of glass-wool wkicli lias been nused witb 
dilute HCl, to relaiii tlie iron scale, if any The glass- 
wool 18 tborougbly wasbed with bot water, and tbe 
bulk of liquid m tbe flask biougbt to sonie 400 c c It 
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IS cooled to about 80^ F and 6 grams of Zinc dust 
gradually added ; tbe assay bemg swung around at each. 
additiou Iron is reduced, and tbe tiix brought down 
as metal. 

SnCl,+2HCl+3Zn=Sn+3ZnCl2+Ha 
Now add gia'dually, sbaking at eacb. addition, 50 c.c 
pure HCL Wlien tbe acid is all added, tbe assay is 
brougbt just to tbe boiling point, and a coil of nickel 
supported on a glass rod is lowered luto it, wbicb is beld 
in place by a cork in tbe moutb of tbe flask Tbe cork 
IS pierced witb two boles, one to bold tbe glass rod, and 
tbe otber to allow gas formed by reduction of tbe 
nickel to escape Tbe nickel coil sbould be some incb 
and a balf in deptb by four inobes long, and coiled so 
tbat tbe liquid inay bave free circulatiou among tbe 
coils (See Fig 3.) Tbe assay is kept reducing tbus 
just below boiling point f or fifteen mmutes Wben it is 
removed froin tbe beat a piece of hard wbite marble, 
tbe size of a large pea, is carefully introduced, tbe cork 
inimediately replaced, and tbe assay placed in a stream 
of cold water tili cold Tbe nickel is raised to tbe neck 
of tbe flask, it is wasbed in rapidly witb about 5 c c 
cold boiled distilled water, tben 5 c.c fiesbly prepaied 
starcb solution is poured over it, tbe assay rapidly 
titrated witb a Standard solution of lodine Tbe finisb 
is indicated by a blue colour in tbe solution Tbe use 
of soft marble in tbis experiment is attended by tbe 
danger of too rapid disintegration, and possible frotb- 
ing over of tbe assay Tbe layer of 00^ formed on tbe 
top of tbe liquid prevents oxygen of tbe air fiom 
oxidizmg tbe Stannous cbloride Tbere vsbould be a 
small residue of marble witb sligbt evolution of gas at 
tbe end of tbe titration Tbe Standard solution of 
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lodine IS prepared hj placing in a litre flask 10 67 
gi'ams lesnblimecl lodine witb 20 grams KI, coveimg 
witli di&tilled watei, and allowing to dissolve Wlien 
all tbe lodine is in solntion tlie bnlk is made np with 
distilled water to a litre Tbe best means of stan- 
dardizing tbis solntion is witb pure ASgOg Tbe 
reaction in tbe case of Tin in tbe titration is as 
f ollows , 


SnCl2+2I+2HCl=vSnCl,+2HI 
In tbe case of Arsenic 

As 30 g+ 2 I+H, 0 =As 20 ^+ 2 HI 

As, 03=198, 2Sn=119x2=238 

Tben 0 2 grams AsgOg correspond to 0 2404 grams Sn 
To standardize weigb into a 400 c c conical flask 
0 2 gram pure AsgOg, add 10 c c distilled water, and 
one gram pure stick NaOH. Boil gently till all is 
dissolved, make up tbe btilk witb cold distilled water 
to 260 c c , add a small piece of litmus paper, and 
render tbe solntion ]ust acid witb pure dilute HCl 
Tben add 3 grams pure NagCOg, allow to dissolye and 
cool, and titrate witb tbe Standard lodine. Tbe test 
abould take 48 c c. Kun in tbe lodine to witbin a c c. 
or two of tbe amount required, tben add 2 c c starcb 
solntion, and finisb to one drop If correct, 1 c c 
Standard lodine solntion ecjuals 0 005 gram Tin 

Procedure B 

Eacb sample of Tin oie sbonld be duplicated by acid- 
cleaning before fusion Tbe 0 3 gram of sample is 
weigbed into a small (say 100 c c ) beaker, and treated 
witb 6 c c pure HNOg, and allowed to simmer for ten 
minutes after disappeaiance of brown fumes It is 
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tlieii diluted witli water to 16 c c. and allowed to stand 
on a waim spot till settled Filter tlirongli double 
9 cm fine papei by decantation, adding 2 oi o diopb of 
acetic acid to tbe papers immediately before pouiing 
off. Wben tlie liquid bas sunk tbrougb, add 3 diops 
of acetic acid to tbe ore in tbe beaker, and very care- 
fully wasb it on tbe papers witb bot water, wasbing 
also tbe papers gently aiound tbe top Finally 
divided Tin oxide bas a great tendency to go tbrougb 
papers, but tbe addition of acetic acid and tbe gentle 
use of tbe wasb-bottle will result in peifectly olear 
filtrates Two wasbes after tbe ore bas all been police- 
manned out of tbe beaker, always witb tbe use of 
acetic acid, wasbing eacb time gently around tbe top 
of tbe paper, will be sufficient Tbe ore is dried and 
ignited in tbe crucible in wbicb it is to be fused, and 
tbe assay continued as in Procedure A As some ores 
carry "^soluble tin,” sometimes to a considerable 
extent, it is üecessary to examine tbe acid solution for 
it Render alkaline witb I-INH^HO, boil for a few 
minutea, allow to settle, filter and wasb out nitrates 
Wasb back into tbe beaker, pour over tbe paper 5 c c 
pure HCl, wasb it in, boil till clear, make tbe bulk up 
to about 70 01 80 c c , bring nearly to tbe boil, and 
pass a stream of 'Sß till saturated Allow to settle, 
filter and wasb If tbe ppt. is a pale buff colour, it 
may be dried, and gently ignited witb main part of tbe 
assay If it is dark, sbowing tbe probable presence of 
copper, it must be treated witb a 20% solution of Xß 
by pouring about 10 c c. over it, and wasbing till 
colourless Tbe tin is recoveied from solution by 
addmg a sligbt excess of pure HCl, and filtering and 
wasbing tbe sulpbide free fiom cbloiides It is tben 



TIN 95 

igmted witL. tlie main biilk, and the assay proceeded 
witli as above 

Fto cedit re C 

In tbe case of ores containing mucb. siliceous insoliible 
matter, a good nietbod is to giye it a preliminary acid 
treatment, and tben lemove tbe bulk of tbe SiOg by 
evaporating witb HF in platimim 
A suitable qnantity of tbe ore, deteimined by 
examination of tbe sample on tbe ” pan/’ carry mg not 
more tban 0 3 giam of tm oxide, is weigbed into a 
20 c c Phillips beaker, and treated witb 10 c c HNO 3 , 
and taken to dryness It is taken np witb 15 c c pure 
HCl, boiled gently for ten minntes, and dilnted witb 
water to 100 c e , allowed to settle, and filtered tbrongb 
double 12 | cm fine papers, acetic acid being nsed as in 
Procednie B Tbe 01 e is all policemaiined on to tbe 
pap er, and wasbed gently till free from cbloiides Tbe 

filtrate is examined for aoluble tm as m Procedure B 
It la tben ignited in a platmum di&b of some 30 or 
40 c c capacity, and wben cold tbe mass is covered 
witb HF wbicb IS poured on it very slowly, one drop 
H 2 S 0 ^ added Tbe disb is gently sbaken to moisten tbe 
wbole, and tbe disb placed on a warm spot to evaporate 
tbe HF witbout boiling or spitting If mncb ailica 
appears to remain nnattacked, tbe HF treatment is 
repeated Wben qnite dry it is placed over a small 
Bimsen, and tbe beat gradnally increased to a good 
red beat, and continned till no fumes are evolved 
Wben cool, it is fnsed (bemg coveied witb a porcelain 
hd) witb 5 giams of pure fnsed KHSO^ Tbe fusion is 
conducted slowly till fumes of appear, and tben 

ai a diill led beat foi two or tbree minntes It 13 
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allowed to cool tLoroiiglily, tlie disli is neaily filled 
vnih liot water, wlien tlie fused mass will detach. itself 
It IS transfeil ed to a 250 c c beaker flask, policemanned 
in, and .boiled (bnlk about 100 c c ) till tlie liimps 
of sulpkate are dissolved Excess of I-INH^HO is 
added, it is boiled again, allowed to settle, filtered and 
wasbed (use acetic acid and double paper) It is dried, 
ignited, and fused as in Procedura A 

Procedure D 

In tbe case of ores, otber tban siliceous ones, e g in 
Wolfram, tbe tin is determined, wben in small 
quantitiea (tkat is under one per cent ) in tbe insoluble 
residue from tbe opening up of tlie ore soluble tin 
baving been recovered, and added to it. It is fused 
in a small nickel crucible, tbe fusion dissolved out in 
bot water, rendered acid witb pure HCl, transferred to 
a 300 c c conical flask, and 10 c c excess of acid added , 
tbe bulk IS brougbt up to some 150 c c , a nickel coil 
inserted and tbe assay reduced for tbirty mmutes, after 
tbe yellow colour of ferne iron is gone It is cooled 
and titrated as in Procedure A Wben tbe tin occurs 
in greater quantities tban 1%, tbe use of zinc dust is 
resorted to 

Note — It is essential tbat a test sbould be run on all 
materials used in tbis assay Some iron crucibles, 
especially if tbere are traces of copper in tbeir com- 
position, will take an appreciable amount of lodine 
wben subjected to a blank test, as also will some 
nickel ones Tbe blank ” is run on tbe same 
amounts of materials as are used in tbe actual assays, 
and sbould sbow a blue coloration witb one drop of 
lodine^ or at jnost two drops It is best to reject 
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luatenals requiring more than two drops, but if no 
better aie available, tlie ‘‘blank*’ must be very 
caiefully deteimined, and snbtiacted froni tbe cc 
leqiiired by tbe assay Tbe fnsion in tbe “ blank ” 
must be of equal duiation as in tbe assays. 


TITANIUM 

Rutile, TiOj, witb sp gr 4 12, bardness 6-6 5 and 
streak pale brown, and “ Titainferous iron ** are tbe 
cbief minerals of Titanium 

Procediire A 

In tbe case of good samples of Titanium ores take 
0 5 gram of tbe fairly agated sample, and ignite in a 
silica or porcelain crucible for ten minutes; cool, and 
add 5 grams pure fused KHSO^ in powder Cover tbe 
crucible, and ignite gently till water is espelled, and 
increase tbe beat gradually to a brigbt red, takmg care 
tbat tbe assay does not frotb over Eemove from tbe 
lieat, and wbile inolten, rotate gently to include any 
specks of unfused ore on tbe sides, replace cover, and 
contimie at a good beat for ten minutes Allow to cool 
completely Wasb out witb cold distilled water mto 
a 250 0 c beaker flask, and dissolve in tbe cold, and 
filter off tbiougb a 9 cm. fine paper into a 760 c c 
conical flask and wasb witb cold water and a few drops 
of dilute HgSO^ till notbing furtber dissolves Tbere 
will remain silica, and possibly sulpbates of Ta and 
Nb Add dilute NH^HO to tbe solution till a ppt 

Q 
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forms, ]tist clear it wit}i dilnte H^SO^, bring tbe bulk to 
500 c c witb distilled water, add 50 c c of H2S0g, and 
boil down to abont 150 c c Tbe ppt of oxide of 
titanium is allowed to settle, and filtered off tbiougb a 
fine paper 12^ cm. and wasbed witb bot distilled water 
till free from sulpbates. Tbe ppt is dried and ignited 
to a pale bnff colonr in a porcelain or sihca crncible, 
and weigbed as T1O3 Tbe filtrate sbonld be dilnted to 
500 c c again witb distilled water, 5 c c HgSOg added 
and tbe solntion again boiled down If any inore 
titanium oxide is foimed, it is filtered and wasbed, and 
added to tbe first precipitation Factoi, if lequired 
forT=0 60, log T 77815 

Procedure B 

In tbe case of ores carrying little T1O2, one or two 
grams are finely agated, and brougbt to dryneas in a 
250 c c beaker flask witb 10 c c pure HNO3 It is 
taken up witb 20 c c puie HCl, boiled for five minutes, 
diluted to 50 c c and filtered tbrougb a 9 cm fine 
paper and wasbed witb bot water Tbe residue is 
dried and ignited, and fused as m Procedure A witb 
KHSO4 It IS extracted witb bot water witb tbe belp 
of 5-10 c c pure HCl, and tbe insoluble poition filtered 
off and wasbed witb bot water Tbe solution is filtered 
into tbe original filtrate, from tbe acid treatnient 
Most of tbe acid is neutralized witb dilute NH HO, 
and a stream of H^S passed until saturated , any ppt is 
filtered off tbrougb a 9 cm or 12^ cm fine paper, and 
wasbed witb bot H^S water Tbe filtrate is boiled fiee 
from H2S, tbe Ee oxidized witb HNO^, wbicb is added 
till tbe solution no longer darkens, and boiled again for 
five mmutes Tbe Eerric Iron is tben precipitated as 
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basic acetate, as described in “ Iron^ Procednre C/' 
bl inging down also tbe Titaniiiin Tbis ppt is dis- 
solved and repiecipitated with and wasbed 

tbree or foui tiines It is then wasbed bact into a 
750 c c conical flask, dissolved in snfficient dilnte 
H 2 SO 4 , and tbe Ti tben estiniated as in Procednre A 


TUNGSTEN 

Tbe minerals from wbicb most of tbe Tnngsten of 
commerce is obtained are Wolfram, wbicb is Tnngstate 
of Iron and Manganese in vaiying propoi^tions, and 
Scbeelite, Tnngstate of Lime, Wolfram bas a gravity 
of 7 2-7 5 and a bardness of 6 5, witb a cbocolate 
colonred streak, wbile Scbeelite bas a gravily of 5 9-G 1 
and bardness of 4 5-5, witb a wbite streak Otber 
minerals of Tnngsten are Stolzite, Tnngstate of Lead, 
and Hnbnerite, Tnngstate of Manganese 

Proceduve A 

In tbe case of bigb-grade Wolfram, and Scbeelite 
ores, going from say 60% of Tnngstic Acid (in 
wbicb form tbe resnlt of tbe assay is retnrned) to 
over 70%, one gram of tbe sample, wbicb bas been 
rednced to tbe utmost fineness in an agate mortar, is 
weigbed into a dry 260 c c beaker flask A word npon 
tbe agating of tbe sample Tbis sbonld be done in 
pai’ts of abont half a gram at a time, and gronnd nntil 
tbere is no snggestion of scmtillating specks in tbe 
motor, and ilie agated paits nnited and given a final 
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v\ih aiotind TJpon tlie proper agating of tlie sample 
depeuds ilie siiccessfiil decompofeing of Wolf i am 
Poiu upon tlie oie Loiling HCl of tlie stiengtli of oiie 
pait of piue acid to oue of distilled watei, to half the 
capacity of tlie vesselj cover witli a watcli-glass, or 
porcelain lid, and boil briskly, sbaking tbe liquid 
aiound, especially at tlie beginning of the treatmont, 
to pievent tbe Tungstic Äcid wkicb is foiming froiii 
caking on tbe bottom of tbe vessel Wben tbe volume 
of liquid IS reduced to about 15 c c remove from tbe 
beat and add 5 c c pure HNO 3 and 10 c c puie HCl, 
and boil gently down again to ab out 10 c c Tbe 
Wolf 1 am sbould now be decomposed, and sbow a brigbt 
yellow colour, witbout any dark greenisb paiticles on 
sbaking tbe assay around Dilute tbe assay witb bot 
distilled watei, add 0 10 gram of Cincbonine, and allow 
to settle on a warm part till clear Eilter tbrougb a 
9 cm No IP Miinktebs or similar paper in a small 
funnel, pouring off tbe clear liquid, and getting as 
little as possible of tbe yellow-oxide on tbe paper Let 
tbe Solution sink ngbt tbrougb and wasb carefully 
aiound tbe top of tbe papei witb bot water Wasb 
around tbe beaker flask witb bot water to about 10 c c , 
let tbe assay settle, wbicb it does raj)idly, and poui off 
tbrougb tbe paper Wasb tbis carefully by decanta- 
tion twice, wasbing around tbe top of tbe paper eacb 
time Wasb off any oxide tbat bas got on tbe paper 
into tbe beaker flask witb a small ainount of bot 
distilled water, place tbe funnel in tbe beaker flask, 
and pour on to tbe paper 6 c c of 1-lNH^HO, let it 
lun tbrougb, and lotate tbe assay till tbe yellow oxide 
IS dissolyed Bring it ]ust to tbe boil, and put tbe 
funnel in a 200 c c conical flask Add to tbe assay 
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about Ul gl am o± (NIIj 2 C 0 g and wlien setiled, filtei 
Ällow to sink iiglit tbiougli, add anotker pmcli ol 
(NHJ^CÜg, and -wasli paper and beakei, gettmg finally 
tke whole of tlie insoluble lesidiie on to tlie paper, and 
keeping tlie bulk of tlie solution as low as possible 
Keep tbe insoluble lesidue, wask tke neck of tke funnel 
into tke ilask, place in it a small funnel witkout a stem 
and boil down to fioni 8 to 10 c c and tiansfer it to a 
weigked crucible (preferably jilatinum), wasking out 
tke flask caiefully witk a drop of ammonia in tke wask 
water Evaporate completely to diyness, and ignite, 
gently at first, tken moie stiongly, finisking foi ten 
inmutes at a biigkt red keat Allow to cool No 
matter kow well tke oie may kave been opened uji, it 
will always be found tkat Tungstic Acid, often as muck 
as 1% and sometimes moie kas been left in tke 
insoluble lesidue It is tkerefore submitted to tke 
followmg tieatment Place in a 200 cc beaker, and 
add 10 c c of a 10% solution ol NaHO, and boil 
blowly till concentrated witkout spittiug Dilute wiik 
distilled water io 100 c c , bring to tke boil, allow 
to settle, filtei and wask, add to tke filtiate a drop of 
iiietkyl orange solution, and render tke assay just 
acid witk iiuie HNOg, tken add a sligkt excess of 
1-lNH^HO, and boil down till tke excess is removed 
Filter ofl: any ppt tkiougk a 9 cm fine papei, and 
wask tkorougkly Eendei tke filtrate just pink witk a 
diop of 2mie HNOg, and add a satuiated solution of 
meicurous nitrate till no fiutker piecijiitate forms 
Tken add one drop of I-INH^HO, collert piecipitate 
togetkor by Tigoious skaKiiig, allow to scllle, tillor and 
’svask tkrougk a 9 cm fine papei witk kot distilled 
water, to wkick a few drops of tke mercurous nitrate 
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solution are added AVlien tliorouglily waslied, diy 
and ignite m a poicelain or silica crucible, gently at 
fii’stj and finally at a briglit red beat Wben shawing 
a biigbt yellow colour^ allow to cool, and brush. it into 
tbe main part of tbe assay in tbe platinnm disb 
Weigb off as Tnngstic Acid WO 3 Tbis sbonld be 
tested foi traces of silica brougbt into solntion by tlie 
bot NH^HO by evapoiating to diyness witb 2 cc of 
pure HE and one diop of and igniting and 

weigbing again Tbis will, in some classes of ore, 
aniount to as mucb as 01 %, occasionally in 
some scbeelites even moie Wbere platinnm is not 
available, and poicelain is used, tbe silica may be 
determined by fusing tbe WOg out witb 6 grams of 
pure KHSO^, leacbing out witb water, boiling till 
decomposed, addmg a small excess of 1 -lNH^HO, and 
boiling off tbe excess Tbe silica can be carefully 
collected on a small paper, wasbed, ignited, and 
weigbed 

Procedure B for Wolfram 

Tbe principle of decomposing Wolfram witb NaOH 
may be applied as follows 1 25 grams of tbe agated 
sample are placed in a 250 c c beaker flask witb 20 c c. 
of a 40% solution of NaHO, and digested on tbe 
bot plate till concentiated to a syrupy mass It is 
cautiously diluted witb puie water to 160 c c , 2 drops 
of foimaldebyde added, brougbt to tbe boil, and 
allowed to settle Filter tbrougb a 12\ cm fine paper, 
pourmg off tbe cleai liquid, and waab four tim es by 
decantation, and six times on tbe paper witb pure bot 
water. Add a diop of metbyl orange to tbe solution, 
and render it just acid witb HNOg, tben alkalme witb 
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ammonia, and boil down till tlie bnlk is under 250 c c 
and all aminonia is dispelled , cool tboionglily Transfer 
to a graduated 250 c,c flask and wasli in, makmg up 
to tke mark Mix tliorouglily, allow to settle, and 
filter off 200 c c tln^ongli a 121“ cm fine dry paper. 
Render faintly acid witli a drop of HNOa, brmg to the 
boil, and precipitate mercnry tungstate witli an excess 
of a satuiated solntion of mercnrous nitrate, add one 
diop of l-lIfH^HO, and sliake tlioiougbly Allow to 
settle, filter through a 12;^ cni fine paper, wasbing six 
times by decantation witb bot water containing a few 
drops of tbe mercnions nitrate solntion, transfer tbe 
precipitate to tbe paper, and wasb ont all sodinm salts 
tborongbly Dry tbe precipitate and ignite gently in 
tbe paper in a porcelain or silica crncible, fimsbing tbe 
ignition at a brigbt red beat, tbe resnlting oxide 
abonld be a bngbt yellow colour, and easily bmsb out 
of tbe crncible wben cold, and weigbed It may be 
tested for silica in a weigbed platinnin disb witb 2 c.c. 

of pnie HP, and a drop of 1-4H2S0^ As or ^ of 

tbe oiiginal 1 25 grains are nltimately worked on, tbe 
resnlting WOg is from one gram 

Tbe two procednres above may be applied to ores 
carrying as mncb as fifty per cent. of cassiterite, tm 
oxide Wben employing tbe acid tieatment metbod 
on 01 es lieb in tin, it will be necessary to increase tbe 
ainonnt of animoninm caibonate used in wasbing, to, 
say balf or tbree-qnarters of a gram, and to nse a 
double papei, in oider io obtain a bnlliant filtrate 
In tbe case of Scbeelite, or mixed Wolfram and 
Scbeelite, iise always Piocednre A 
Wben dealing witb very small quantities of Wolfram, 
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use PiocedtLie B, but use 5 grams of the sample 
fractionating to 4 giams In the case of small 
quantities of Sclieelite open up witli acid, take tlie 
assay to diyness, tben begin Piocedure B 
In the case of ores carrying arsenic, it is necessaiy to 
subject them to pieliminaiy roastmg in a porcelain 
crucible till no more smell of gailic can be noticed or 
fnmes coming off It is then brushed into the beaker 
flask, and policemanned ont 


TTRANIUM 

The chief oie of TTranium is Pitchblende, an oxide of 
sp gl 9-9 7, haidness 5 6 , and stieak olive green to 
black Cainotite is a IJianmm vanadate, Samaiskite 
IS a üranotantalite. 

Procedure A 

In the case of good samples of Pitchblende one or two 
grams, and in poorer samples fioni 3 to 5 grams 
weighed into a 250 c c beaker flask, and 15 c c puie 
HNO 3 , with a pinch of KCIO 3 are added, and the assay 
boiled gently for twenty mimites It is then dilnted 
to about 50 c c and I-INH^HO carefully added till 
much of the acid is neutialized Then small lumps 
of (NHJ 2 CO 3 are cautiously added till the assay is 
alkaline, and then some 5 grams in excess The assay 
is allowed to simmei just at boiling point for ten 
minutes, allowed to settle, and filtered off into a 750 c c 
conical flask thiough a 12 J cm , or, if theie is a copious 
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ppt a 15 cm coaise papei It is waslied tlitee times 
witli liot water The paper is opened and the j^pt 
waslied back mto the beaker flask, and dissolved in just 
enough puie HiN’Oa, and the paper well washed in 
Bl mg the solution to the boil, and letieat with 
I-INH^HO and (NBLJ^COg as in the first case, boil, 
settle, filtei and wash again into the fiist filtrate 
Repeat the dissolying and iepi*ecipitation, making 
thiee piecipitations in all, give the final ppt three or 
four washes Boil the filtiate, watching it carefully, 
as the evolution of NH^HO and (NHJ^COg, niay cause 
frothing Continue the boiling until a precipitate is 
formed, caused by throwing down of IJranium by 
lemoyal of (NEJ 2 CO 3 Add puie l-lIICl slowly 

until the solution clears, and boil again for five 
minutes to expel last traces of 00 ^ Now add 
1 — INH^IIO in excess, agitate thoioughly and allow to 
settle coinpletely Pour off the liquid fiom the ppt 
through a 12 ^ ein fine paper, takmg care to keep the 
jDpt, behind in the fiask If the solution is a deep 
blue, due to copper in solution, add about 200 c c 
hoilecl disiilled water to the ppt in the fiask, agitate, 
allow to settle, and decaut off again through the same 
paper Nöw place the funnel with paper in the fiask 
contammg the ppt , sprmkle oyer it about 0 1 gram 
(NllJ^COg powder, and give it one wash aioiind the 
toji, then add to the assay in the fiask sufficient of 
the carbonate to dissolye the ppt , warmmg up, and 
keepiiig the funnel in the fiask When dissolyed, the 
assay is oooled coinpletely, 30 c c of magnesia 
mixtuie added , tlie assay is thoioughly shaken for 
fiye minutes, and allowed to stand for an hour Place 
the funnel in another 750 c c conical fiask, moisten it 
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witli cold water if diy, and filtei off tlie assay, and wasli 
Witt cold water, addmg to eacli wasli 5 drops of 
and a pincL. of (NHJ^COg Some six or 
eigtt wastes will snffice Bring tte bulk of tbe assay 
to some 300 c c and boil down nntil a ppt forms, add 
pure 1~1HC1 till clear, boil again for five minutes, 
add excess of 1-lNH^HO, allow to settle completely 
Decant off tbrougb a 12^ cm. fine paper, getting yery 
little or none of tbe ppt on tbe paper, and wash 
twice by decantation witb boiled distilled water. 
Next, place tbe funnel witb paper in a fresb 750 c.c 
conical fiask, dissolve tbe ppt in (NHJaCOg, and pass 
tbrougb it bubbles of H^S till tbe solution no longer 
darkens Place on a warm place to collect tbe ppt , 
and filter tbrougb tbe same funnel, and wasb witb bot 
watei and (NHJ^COa Bring tbe bulk to some 400 c.c , 
and boil till ppt forms, and add 1-1 pure HNO 3 till 
acid, and about 2 c c of bromine water to clear tbe 
solution of sulpbur. Boil for ten minutes, add excess 
of 1-lNH^HO Allow to settle completely, pour off 
tbrougb a 12 ^ cm fine paper, wasb twice by decanta- 
tion witb boiled water, tben wasb on tbe ppt Tbia 
ppt IS a very gelatinoua one, and cannot be wasbed 
wben on tbe paper Tbe large wasb by decantation 
since tbe addition of magnesia mixture,” bowever, 
will free it from fixed salts It is essential tbat tbe 
ammonia used for tbe precipitation of tbe IJraniuni be 
pure and free from CO^ TP^ben tbe liquid bas sunk 
rigbt tbrougb, tbe ppt is dried, and ignited gently till 
tbe paper is cbarred, and tben more strongly in a 
porcelain or silica crucible, and finally blowpiped 
Cool and weigb as UgOg 
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Procedure B 

In tlie ca&e ol Carnotite and other ores carrying* 
Vanadinm, Proceduie A 13 followed as fai as the 
treatment witli magnesia mixtnie/’ filteiing and 
wasliing To the solution of Uraninm and Vanadinm 
IS added a 25% solution of lead acetate till no further 
ppt forms Allow to stand on a warm pai*t to collect 
the lead vanadate Filter ofiE through a 9 cm. fine 
paper, and wash with warm water and (NHJ 2 CO 3 . 
Boil the filtrate till a ppt forms, then add 1 - 1 H 2 S 0 ^ in 
alight excess, and the excess of lead is brought down 
as aulphate Allow to settle, filter and wash through 
a 12\ cm fine paper into a 750 c c conical flask, using 
cold water for washing Boil the solution for ten 
ininutes, caiefully add an excess of and 

pioceed as in Piocedure A, pouiing off, washing hy 
decantation, dissolvmg in (NHJaCOg, passing HjjS, and 
so on to the end 


VANADIUM 

The princijial mineials aie Vanadanite, lead vanadate 
of sp gr G 6-7 2, hardness 2 75-3, and streak white, 
Mottramite, a lead-copper vanadate of sp gi. 5 9, 
haidness 3, and stieak yellow Carnotite contams 
iiranmm and vanadinm, and Patronite is a sulphide 

Pi'ooedure A 

In samples which do not contain uranium place 1 
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gl am of tlie ore in a 250 cc beaker flask, and take 
to diyness witb 10 c c puie HNO 3 , take up witb 20 c c 
of S-lHaSO^j and boil down till fnmes of H^SO^ 
evolye, and continue tbe fnming for ten minutes 
Allow to cool giadnally, dilnte cantionaly to 50 c c 
witb water, and boil for five minntes, or until tbe 
residne is wbite PbSO^, witb sandy insoluble matter 
Allow to cool, and stand for balf an boni to settle out 
most of tbe lead Filtei off tbrougb a 9 cm or 12j cm 
fine papei into a 400 c c conical flask, and wasb witb 
cold dilute H 2 S 0 ^(^ 1 ), tboiougbly If tbe insoluble 
mattei is suspected to contain undecomposed vanadium 
mineral, it sbould be sepaiated from tbe PbSO^ witb 
Ammonium acetate, tbe residue dned, and ignited, 
and most of tbe siliceous inattei evaporated witb HF 
in platinum witb a drop of H^SO^, and tbe residuo 
fused out witb EHSO^ Tbe fusion is boiled out witb 
water and 10 c c dilute HgSO^, and filtered into tbe 
original solution in tbe 400 c c conical flask Neaily 
neutralize tbe solution witb dilute NH^^HO, and pass 
a stream of H^S to satuiation wbile bot Allow to 
settle and filter off tbrougb a 12 ^ cm fine papei into 
a 750 c c conical flask and wasb witb H 3 S watei, 
acidified, witb a dioj) or two of H^SO^ Boil down tbe 
• solution to about 300 c c Cool to about 85° F , and 
run in a decinoimal solution of KMnO^ fioin a buiette 
till tbe solution is peimanently piiik Now lun in a 
decinoimal solution of FeSO^ till tbe pinb colour is 
just discbarged Add a measuied aniount of tbe 
FeSO^ till a dioji gives a deep blue colour on tbe 
spotting plate witb Potassium Feiriryanide Now 

N 

titiate tbe excess witb ygEaCraÜ^ Titrate 50 c c of 
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tlie FeSO^ witli tlie jjjEgCrgO^. Get tKe equivalent 
N 

in of tlie aniount of FeSO^ added, siibtiact 

tlie excess The -^KaCraOy can usually be 

made iip, so as to be conect, and is a veiy stable 
aoliition It sbould, bowever^ be penodically cbecked, 
peibapa onoe oi' imce a week 1 39 grama of pure 
FeSO^THaO sboiild require 60 cc (or 0 2799 gram 
puie Fe wire) as in '' Iren, Procedure A Eacb cc. 
N 

of ^ KgCigOy IS eqiial to 0 0051 gram of V, or 
0 0091 gram of VgOg 

Pvocedvre B 

In tlie case of ores containing Uranium, e g Carno- 
tite, tlie Vanadium is estmiated as follows 
One gram of tbe ore is opened uji as in Procedure A 
Wben tlie insoluble and any PbSO^ bas been filtered 
off and tbe solution iii tbe 400 c c flask bas been 
treated witb HgS and filtered and wasbed, tbe solution, 
after boiling off HgS, is tieated to a cautioiis addition 
of Na^Og till distmctly alkaline to litmiis paper It is 
Iben biougbt to tbe boil, allowed to settle, and filteied 
tbrougb a 12^ cm fine paper into a 750 c c conical 
flas]^ and wasbed tbree or four times witli bot water 
Tbe ppt IS wasbed back into tbe flask, dissolved in 
dilute HaSO^, reprecipitated witb NagOg, boiled and 
filtered into tbe first filtiate, and wasbed well witb 
boi water Tbe solution is rendered acid witb 
CHaCOgH, and a strong solution of lead acetate added 
until no furtber preeipitate forms The assay is 
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allowed to stand on a warm spot for ten minutes to 
collect the ppt of Lead Vanadate Eiltei tlirougli a 
12^ cm fine papei iiito a 750 comcal flask, and wasli 
witk kot water, adding to eack wask a tew diops of 
ammoninm acetate solntion, some six times Tke ppt 
IS wasked ofE tke paper iiito a 250 c c beaker flask, 
20 c c of S-lHgSO^ poured over tke paper, and it is 
wasked in tkorongkly witk kot water Tke assay is 
brongkt to tke boil, cooled, and filtered off tkrongk a 
12} cm. fine paper into a 500 c c comcal flask, and 
wasked eigkt or ten times witk cold water and two 
or tkree drops of 3-lH2SO^ Tke solution is now 

N 

rendered just pink witk j^EMnO^ as in Procedure A, 
and tkat procedure followed to tke end 


ZINC 

Tke ckief soujce of Zinc is tke mineral Blende, 
ZnS, of sp gr 3 9-4 1, kardness 3 5^, and streak 
krownisk-wkite Otkei mmerals are Calamine, a car- 
bonate, and a silieate, Smitksonite 

Procedure A 

In rick samples of ores of zinc weigk 1 gram into a 
250 c c beakei flask, add cautiously 10 cc pure HNOg, 
and wken spontaneous action kas ceased, boil down 
to dryness Take up witk 5 c c puie HCl, and boil 
gently for tkree minutes Add 20 c c kot distilled 
watei, 5 grams of NH^Cl, 5 c c brouxme water, a 
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ßliglit excess of dilute and boil for five 

ininntes Allow to settle, and filter tbrougb. a 12^ cm 
fine papei into a 750 c c comcal flask, wasL. six tinies 
witk ]iot diatilled watei Wasli back tbe ppt into the 
beaker flask, ponr over tbe paper 10 c c pure HCl, 
and boil till ppt is dissolved Cool sligbtly, and add 
6 c c bromine water, and excess of dilute NH^HO, 
boil, settle, and filter into original filtrate, and wasb 
some eigbt or ten times ßender tbe filtrate acid witb 
pure HCl, and add 16 c c in excess To remove 
copper in solution, a strip of lead foil is bung in tbe 
flask, and tbe assay kept just boilmg for tbirty 
minutes- Tbe foil is remoyedT and gently wasbed witb 
warm distilled water Biing tbe bulk of tbe assay to 
200 c c and titrate bot witb a Standard solution of 
potassium ferrocyanide, using a solution of uranium 
acetate as indicator Do not boil tbe assay once tbe 
titration bas begun It is a good plan to extract 
about 10-20 c c of tbe assay, and keep it bot in 
anotber yessel, and titrate boldly until tbe remaining 
solution IS overdone, tben wasb in tbe extracted 
portion and continue tbe titration carefully, 

The Standard solution of ferrocyanide is made by dis- 
solving 43 2 grams in distilled water and making up 
to a litre It is standardized witb pure freshly 
ignited ZnO, wbicb contains 80 34% Zmc 

Procedure B 

In cases of ores carrymg mucb Mn and otber 
impurities, take from 2 to 5 grams of tbe sample in a 
260 c c beaker flask, take to dryness witb 10-16 c c 
pure HNO3, take up witb 10 c c pure HCl, boil for 
five miiiutes, dilute to 60 c c , and filter tbrougb a 9 cm 
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or 12|- cm fine paper Wasli well into a 300 c c 
conical flask Biing tke filtiate to tlie boil, and pass 
a stieam of HjS till satnrated Filtei into a 500 c c 
conical flask and wask any ppt , nsing HgS watei lor 
waaking Boil tke filtrate free from tke emell of 
HgS, add pure HNÜg till tke solution darkens no 
more, and boil again for ten minntes Precipitate 
tke Iron, etc , as acetate as described nnder Iron, 
Procednre C/^ dissolving in HCl, aiid reprecipitating 
witk dilute NH^HO, kaving previonsly added 3 or 
4 c c Br to tke fiast filtrate before filtering tke 
ammoniacal solution into it To tke filtrate add escess 
of bring to tke boil, and filter off tke Mn 

tkrougk a fine 12^ cm paper into a 760 c.c conical 
flask, and wask well witL kot water Next pass a 
stream of HgS tkrougk tke ammoniacal solution tül 
no moie ppt forms, and tke solution becomes 
yellowisk Allow to come to tke boil, remove from 
keatj and settle completely for an kour in an inclined 
Position Eilter tkiougk a fine 12^ cm paper wkick 
kas been wasked once witk a solution of (NHJgS 
Get tke ppt on tke papei, rinse out tke flask once witk 
warm (NHJ^S water and pour it on Wask back tke 
ppt into tke 750 c c conical flask from tke opened 
paper, and pour over it 15 c c pure HCl, and wasL 
in well Boil down to about 10 c c , dilute to 200 c c , 
and titrate as in Pioceduie A 
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ZIRCONIUM 

The chief mineral of Zr is Zircon, silicate of 
Zuconmm, with sp gr 7 5, hardness 4 7, and streak 
grey Others are Baddelyite and Brazilite 
The method fonnd to give most satisfactory resnlts is 
as follows 

Agate veiy finely 0 6 gram of the sample, and fnse 
it strongly in a platinum crncible, with 5 grams pnre 
Na2C0g Give it a very thorough fitsion extending to 
thirty or foity niinntes Boil out the fusion when 
cold hy placing the crucible in a 250 c c beaker flask 
with 50 c c boiling water Thoroughly clean the 
eruoible with a policeman, and wash in carefully 
Boil for ten miniites, allow to settle, filter, and wash 
on a fine paper of 12^ cm Wash with hot water ten 
or twelve times Get the whole of the residue contain- 
ing Zirconium carbonate on the paper, dry and ignite 
it Fnse it with 5 grams pnre fnsed KHSO^ for 
five to eight minntes after first emission of fnmes in 
a porcelain crncible Allow to cool, and dissolve out 
with hot dilnte ( 1 - 4 )H 2 S 04 in a 250 c c beaker flask 
Transfer tp a 400 c c conical flask Add I-INH^HO 
tili ppt jnst persists, clear it with dilnte HgSO^, and 
add 5 grams Boil for five minntes, allow to 

settle, filter and wash on a 12| cm fine paper Get 
all the ppt on the paper, wash some eight or ten timea 
with hot waier, dry, and ignite in a porcelain crncible 

U 
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Ense witi. 6 grartis KHSO^ for eiglit to ten minutes 
Allow to cool and dissolve out as above witli dilute 
HoSO^ Transfei to a 500 c c oonical Nearly 

neutralize tbe solution with I-INH^HO, and add a 
saturated solution of animonium oxalate iintil tlie pie- 
cipitate wLicli forms is redissolved in tke warm solu- 
tion (say 80^ C ) Now add about an equal bulk of 
boiling water, and then pure HCl until no more pre- 
cipitate forms Allow to stand overnight Tbe ppt 
contains Tboria, and tbe Zn remains in solution 
Eilter tbrougb a 9 cm fine paper, wasb witb warm 
water into a 750 c c conical flask Tbe solution is 
boiled down witb 20 c c pure HgSO^ to copious 
funiing to destroy tbe oxalates Allow to cool, and 
cautiously add 200 c c cold watei Add a slight 
excess of 1-lNH^HO, allow to settle and filter 
tbrougb a 1Z\ or 16 cm fine paper, and wasb out 
sulpbates witb cold water Wasb tbe ppt back into tbe 
750 cc flask, and pour enougb HNOg over tbe opened 
paper to dissolve tbe ppt Wasb tbe paper well 
Bring tbe bulk up to 100 c c or so witb water, add 
(NHJ^COg to it until tbe precipitate forined only just 
dissolves, and pour it very slowly (drop by drop) into 
a boiling solution of ammonium salicylate (10 giams 
in 50 c c water) Boil tbe assay till bulk is brougbt 
again to about 100 c c and allow to settle. Filter and 
wasb tbrougb a 12 ^ cm fine paper witb a 5 % solution 
of ammonium salicylate until tbe ppt is pure white 
Dry and ignite tbe ppt in a silica crucible, fuse it 
witb 5 grams fine fused KHSO^ Dissolve tbe cold 
melt in bot 4— IHgSO^ Transfer to a 750 c c conical 

flask, bring to tbe boil, and add a ^sligbt excess of 
I-INH 4 HO Boü for two minutes, allow to settle, 
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ülter tlirougli a 12^ cm fine paper, and wasL. with. hot 
water till free from sulphates Dry^ and ignite to 
ZrO^ The factoi foi Zr is 0 7389 Log of factoi 
T 186859 


WOLPEAM ANALYSIS 

Esample of the Complete Analysis of a Wolfram 
Ore. 

The inain part of the Analysis can be done on two 
grams, finely agated, and opened np as described 
linder “ Timgsten, Procediire A/’ with the difference 
that the assay is taten carefully to dryness on boiling 
down with the second lot of acid, and la then taten 
np with 10 c c pnre HCl, boiled gently for a few 
minutes, the lid carefully washed in, and the assay 
dilnted with hot distilled water to about 30 c c., and 
allowed to stand on the warm plate till settled The 
cinchonine in thia case is omitted Tungsten, Pro- 
cednre A is followed, the assay being filteied into 
a 300 c c oonical flask throngh a 9 cm fine papor, 
and washed by decantation as there described, dis- 
golyed in 1-lNH^HO, and so on to the end The 
residue from treatment with caustic aoda, togeiher 
with any ppt brought down with NH^HO from tho 
soda Solution are washed from the papeiR inio i\/ 
200 PC bcaker and lakeii Io drynoss wiib 5 p p pin^, 
HCl, ihen taten up wilh ö p c puic IKH, dilulpil^hfl 
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atout 15 c 0 , filtered tlirough a 9 cni fine paper into 
tlie original filtrate from tlie two grams of ore The 
lesidue la collected ou the paper and waahed, then 
diied and ignited in a small plaiiniim vesael When 
cold it IS weighed, and treated with abont 6 c c pure 
HE, and one drop I-IH^SO^ carefnlly evaporated, and 
ignited strongly It is treated again with HE and 
H2SO4, cooled, and finally weighed The difference in 
weight representa the SiO^. There will remain SnOg, 
together with some of the Titaninin, if present, and 
possibly some rarer metals as Tantalum and Niobinm 
It 13 fnaed out of the platinum with a gram or two of 
pure KHSO4, when cold leached ont with a small 
quantity of hot distilled water, and boiled down with 
an equal amount of pure HCl, allowed to settle, and 
filtered through a 9 cm fine paper into the original 
filtrate from which the tnngstic acid was filtered The 
final residue is washed, dned, ignited We will refer 
to this as residue A ” 

The filtrate, from which the WO3, SiO^, and most of 
the SnOa, together with possible sulphates of Tantalum 
and Niobium haye been remoyed, is partly neutralized 
with a 20% solution of NaOH, the bulk brought to 
about 200 ccm , and boiled Into the hot solution a 
rapid atream of H^S is passed to Saturation , this 
brmgs down Cu, Bi, Pb, As, Sb, and any Sn brought 
into solution It is again brought ]ust to the boil, 
allowed to settle, filtered and washed thoroughly with 
hot water containing H^S in solution The filtrate 
will be referred to as filtrate A.'' If the ppt with 
B.ß IS a small one, as is generally the case in Wolfram 
;Ores, it IS treated on the paper with a 20% solution of 
^.S, filtered with a fresh yessel (say a /260 c.c conical 
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flask) aad waslied tdl colourless The filtrate con- 

tains As, Sb, and Sn Call it filtrate B The 

ppt containing Cu, Bi, and Ph is washed into the 
vessel froin which it was filtered, treated with 5-10 c o 
pure HNOg, and taken to dryness, then taken up with 
10 c c of S-lHgSO^, and hoiled down till fiimes are 
fully eyolyed When cool, it is diluted to 15 o c 
with distilled water, and allowed to settle while the 
exanaination of filtrates A and B is pioceeded with. 
To filtrate B add slowly a slight excess of pure HCl, 
warm up to about 90^ 0 , and shake yigorously The 
Solution should amell strongly of HgS, if it does not 
a further stream should be passed through it Any 
precipitated As, Sb, and Sn sulphidea are filtered and 
washed with hot H^S water till free from chlorides, 
then dried, and ignited in a silica or porcelain 
crucible at fiist gently, and fiually at a strong led 
heat The SnO^ remaining after ignition is added to 
residue A This is then weighed, the tin is estimated 
as in Tin, Piocedure calculated to SnOg, and 
the weight of SnOg aubtracted fiom that of residue A 
Thia difference may be letumed as Tantalum and 
Niobium If there za an appreciable quantity of these 
inetals (which is not often the case in Wolfram ores), 
they should be remoyed from the solution with the Tin 
after the titration The Tin la ]uat separated as 
Sulphide with H^S, the HgS boiled from the filtrate, 
and Ta and Ni precipitated with NH^OH, filtered, 
washed, dned, and ignited, and returned as Ta 20 ß 
and NbaOß Filtrate A is l)oiled down til] all ilie 
H 2 S IS expclled, 5 ne pure IINOj are addod, and 
agam boiled for iiiree luiiiiiteH The Irou, Aluiiiiiia, 
and Titanium are piecipitaLed as basic acetates as 
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descnbed undei Iron, Proceduie C/’ ihe acetates 
are dissolved in pui’e HCl, lepiecipitated witli 
1-lNH^HO, filteied, wa&lied, diied, and ignited 
Tliey are weigLed as ÄI 2 O 3 ,' TiOg. Aftei 

weigliing tlie mixed oxides are mixed tLoronglily by 
ciusliing in an agate mortar, and aliquot paits (eay 
a lialf eacli) aie weighed off One part is tieated in 
a 300 conical flaak witL 15-20 cc puie HCl, and tke 
Iron determined as descnbed under “ Iion, Pio- 
cedui'e A The otber portion is fused in a porcelain 
01 silica crucible witb. five times its weigbt of KHSO^, 
and tbe Titanium estimated as descnbed under 
“ Titanium, Piocedure A ” The total amount of 
Iron IS calculated to FegOg (factor 0 7), the total 
amount of TiOg is found, and these combined totals 
in the mixed oxides subtracted from the weight of 
those oxides gives the weight of AlgOg The 
manganese is recoveied from the filtrate from the 
“ mixed oxides ” as descnbed undei ‘‘ Manganese, 
Procedui'e A The filtrate from the manganese is 
reduced in bulk to some 350-400 c c , a few drops of 
1-lNH^HO are added, and H^S passed into it Zmc 
and Ni and Co will come down here It is rare that 
Zn is found in Wolfram If it is, it should be 
estimated on a separate portion of 3-5 grams of the ^ 
90 mesh sample by the method descnbed under 
Zinc, Procedure A Traces of Co and Ni are 
sometimes found These appear as black sulphides, 
and are filtere d off through a 9 cm fine pap er, 
thoroughly washed with hot water and (NHJ^S, dried, 
ignited and weighed, and leturned as NiO and CoO 
To the filtrate from Ni and Co, add about 0 5 gram 
ammonium oxalate, and boil for ten minutes The 
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lime is piecipitated and filtered off, and well washed 
and ignited veiy strongly in platinum. TKe filtiate 
fioin the lime is boiled riglit down nntil salts begin 
to sepaiate out, pure HNO 3 is tben added cautiouöly, 
and tbe assay again boiled down to a small bulk It 
IS cooled, and enougli water added to keep all salts m 
solution in tke cold Tben add about 0 5 gram of 
sodium pbospbate in solution, and finally 10 c c. 
NH 4 HO, sp gl 880 Tbe wbole is tborougbly cooled 
and vigoiously sbaken, and allowed to stand in a 
cold place foi some time, best overnigbt. It is tben 
blteied olf tbiougb a 9 cm or 12^ cm. papei, and 
magnesia estiinated as desoribed under Magnesia, 
Piocedure A ” 

Arsenic on 3-5 grams as in Arsenic, Procedure B ” 
Tbe amouut of Pbospborus in a Wolfram does not 
often esceed a figuie in tbe second place of decimals, 
and will count in tbe above analysis as In 

stnct accuracy, tberefore, its amount, calculated to 
P 2 O 5 , sbould be deducted from tbat figui^e It is 
estimated as follows Two giams of tbe sample are 
oiiened up as in tbe main analysis, being taken to 
dryness on tbe second addition of acid, tben it is 
boiled witb 5-8 cc pure HNO 3 till brown fumes aie 
no longer evolved, diluted witb an equal quantity of 
bot water, and allowed to settle It is tben filtered 
off by decantation tbiougb a double 9 cm fine paper 
into a 300 c c conical flask, and wasbed by decanta- 
iion Willi a liot 5% solution of HlsTOg Tbis treatment 
brmgs all tbe Pbospborus luto ibe filtrate Tbe bulk 
of the filtrate is leduced by boilmg to some 50 c c , 
a sligbt ppt IS pioduced witb 5 c c 

pure HNOg added, warmed till clear, and tbe 
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pliosplioius estimated as desciibed under Plioa- 
plioiusj Procedure B 

Sulptui’ IS estimated on 3-5 grains. It is tieated in 
a 250 CG. beaker flask witb. 10 c c puie HNOg, and 
about 0 2 gram EClOj, and stood on tbe waim plate, 
brongbt slowly to dryness witbout baking If any 
globules of aulpliui’ aie nnoxidized, retreat witb. HNOg 
and EClOg Wken all is oxidi25ed take np tbe dried 
assay witb 20 c c pure HCl, and boil till about a tbird 
of tbe bulk is evaporated Tben dilute to about 
80 c c witb bot distilled water, and allow tborougbly 
to settle till clear Filtei, and wasb by decantation 
witb bot water containing a few diops of puie HCl 
Bl mg tbe flltiate to boiling point, neutialize most of 
tbe acid witb 1-lNH^HO, and add an excess of a 
boiling satui’ated solution of BaClg Boil foi fifteen 
minutesj and allow to settle oveinigbt Eiltei 
tbiougb a 9 or 12^ cm fine paper, and wasb 
tboiougbly witb bot watei containing a few diops of 
piue HCl, and finally witb pure water Dry, and 
ignite stiongly Weigb as BaSÜ^ Eactoi for S is 
0 1373. Tbe part containing tbe Cu, Pb, and Bi is 
filteied, if any pj)t of Pb bas formed, tbrougb a 9 cm 
fine paper into a 250 cc beakei, and wasbed witb a 
1-4 solution of BCjSO^ Tbe funnel is tben placed in 
anotber vessel, and tbe lead sulpbate estimated as 
desciibed under “ Lead, Proceduie A ” 

Tbe filtrate is caiefully neutralized witb JSTH^HO, and 
a sligbt excess added, and Bi estimated as desciibed 
under “ Bisinutb, Pioceduie*B ” Tbe Cu remains 
in solution If in considerable quantity, tbe solution 
IS lendeied just acid witb puie HCl, and tbe Cu 
piecipitated again as sulpbide, and estimated as in 
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Cu, Pioceduie A If small, it is doue coloii- 
nietrically as desciibed in “ Cu, Procedure E ” Sb is 
estimated on 6 giams as described in “ Antimony, 
Procedure 

An assay foi WO3 sbould be done as in Tungsten, 
Procedure A.'' 
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ON SOLTJTIOI^S 

(a) Standard Solutions 

Antimony titrations. 2 82 giams pure potasaium 
biomate dissolved in distilled water, and made up 
to a litre 

Arsenic titrations 34 grams puie uianium acetate in 
powder form diäsolved in distilled water, with 
20 c c acetic acid added, and made up to a litre. 

6 7732 grams lesublimed lodine m 20 c c distilled 
water and 10 giams pure potassium lodide When 
quite dissolved made up to a litre 

Chromium titrations ^ ferrous sulpliate=27 8 grams 

N 

in water, made up to a litre -jq potassium 

bic]iromate=4 903 grams in water made up to a 
litre. 

CoppEE titrations 39 18 grams pure sodium 
hyposulpbite m distilled water and made up to a 
litre 

42 giams pure potassium cyanide in water and 
make up to a litre For colorimetric copper 
Solution, 0 5 gram electrolytic copper in just 
123 
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enougli nitnc acid, andj aftei boiling, make up to 
a litre witk distilled water 

Ikon titrations 4 39 grams pure potassium bi- 
cbromate in water, and make np to a litre 

2 82 grams pure potassium permanganate in 
distilled water and made up to a litre 

For colorimetric iron solution, dissolve ü 1 giam 
pure iron wire -m ]ust enougb pure bydrocbloric 
acid, add pure nitric acid, till oxidized, take to 
diyness, take up with 10 c c pure bydrocliloric 
acid, and make up to a litre. 

Mai^gai^ese titrations. Potasaium bicbromate solution 
as m Iron titrations 

Tin titrations 10 67 giams resublimefä lodine in 
20 c 0 water witb. 20 grams pui^e potassium lodide 
Eotate till dissolved, and make up to a litre 

N 

Vanadium titrations. ^ potassium permanganate = 

3 1606 grams in water and make up to a litie 

N N 

-jq potassium bicbromate and ferrous sulpbate 

as in Cbromium ” titrations. 

ZiNO titiations, 43 2 grams potassium ferrocyanide in 
water, and made up to a litre 

(b) Indioatob. Solutions 

Methyl Obange (sodium salt of dimethylamide 
azobenzene-sulpbonic acid) = l gram per litie of 
water. 



ON SOLITTIONS 12o 

PoTASsiTJÄi Pebrjctaotde 0 1 giaui per 100 c c of 
water (make fresli eacli day) 

PoTAööiTJM Peiieooyanide 10 grauiä in 100 c c water 

Stauch Solution Mix 1 giam with water, and pour 
into 200 c.c boiling water, and boil for two 
mmntes, TJse cold. 

TTeanium Acetate. 0 2 gram in 100 c,e, water, 
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